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1.0 INTRODUGTION 

." 

", _ .<,'.'/ '!~ '-. "~:;" ".~-., ''': ";:-'."":".<" <iir; .~ _,:. -'''. '. \.:, :- ,'"[ . _ ': " ";,":::"[_. ,; ... ,. 

This Engineering Evaluation/Cost Analysis (EE/CA) was prepared for a non~time-critical removal action 

(NTtRA)'f~r 'soil: at Sit~'1 '- T~orftimspill>~tNav~1 Support FaCfi'ity IndianHead(N~F'~IH)inlndianHead, 
.i:f.>:i', .>~~.~. -~;, "c' _:;~ J, '-~:-; {.~ • ,-. :',<; .,\[ -',',; 

Maryland (Figures 1 and 2). This document was prepared by Tetra Tech under the Comprehensive 

Long-Term Environmental Action Navy (CLEAN) Contract' No. N62470-08-13)-'1001, Contract TaskOi"der 
;;1 :',-'- ~:';';';.".:':(: ':{'~ "-'1:'-,: , .. ,' .,v"," /" t;,,-··:;,::~ . _,~. '~.-,."'-: ... ~:~ >,,_::~, <\_.]·>rf~·;',_,,/ ;"'l\,;;~; _ ~\~~ .. ::'\ .,·,'::t, ;'-';~; ;·~-i·:r:.·\ ~,J; r.< 

(CTO) JU11. NSF-IH is a Naval Support Activity South Potomac facility within the Naval District 

Washington Region. Until October 1, 2005, NSF-IH w~s ref~~i~d t6'a~;r\ia~a(6ist~fctWashingtor{T~dian 
Heaq. 

'-: '~:~ 1> ';;';'z' ~', '. 'i '" .,' ' -;;'r':; (',"j " ,,' ':. ·'v .. ~ !', , ".' .. ::: .<:;; , .; :~) :~ ';': ~: ,} ,; :... ~ .. ~~ ,:: ii'.: _.~~ . "'(' 
A summary of historical activities, investigations, and documents associated with Site 1 is provided in 

"\:;;:.I' .. F ,; .d) :.': ';". \ <," -'i: ',<",_~; .. _;,-:.\~ .. ".-_', :~".'>'~'1;' ~,"}'\" _ ;!. '''. . ,-!;"< .)T>,:(~ ::::~'C:_~"t;),.")'('" ;'V ... ,:'" ,: f .. :: .,~" _, "\ 

Section 2.2. There are potential unacceptable risks to hypothetical future residents from exposure to site 

soiis~irnp~cted byttl~Aum~;2'3~~' fh~';th~ri~~r~'ontaminatibH'in !s6ilfks~lt~d '#omhi~to~ical ~~di~tj'ontr~ir1ing 
~x~i6Is~~;by't~eNa~~1 Sd~66i, Eiplosi~eh)~d~ance Di~i80~~i i(NAV§C8~EOb). ; ",":: 

_.;;"l,:)",~/'J '!h}~:~r' .--'':, ' ,';\ ,', ".",. -,,' 

This EE/CA will develop, evaluate, and recommend an NTCRA alt~rn~tive'fOaadre~sfhEthot~n'ti~rhtman 
health risk from exp'osure to thorium-impacted soils. 

; ~'~ ~ i ' J j " ' 

This document is issued by the U.S. Navy, lead agency responsible forth'e' NTeRA;o:2itSite' '1, in 

partnership with the U.S. Environmental Protection Agency (EPA) Region 3 and the Maryland Department 

i'ofErtvitbnmenfal", (MmW'UMer,:Section '104 ' of:the!CdiTIprehelisiveEnvironmental. HesPbhSe, 

.. CJjm~ensatibrl;'and Liability Act(CERCLA)' a'hdthe'Supertund Arneiidrnertts·artd Re'authotization'Act 

(SARA) of1986. 

, Section 104 'of CERCl:~ and SARA!alloWs an'8uthortzetl agency to"providefor remedial aCtion and'to 

remove, 'or arrange for removal of, hazardous substances, pollutants, or contaminants at anytime, or to 

take any other response measures consistent with the National Oil and Hazardous Substance Pollution 

Cohtirigency Plan (NOPY-flE;' deerfieanecessary to prot'ecfpublichealth'orwelfare a'nd the 'ehvironment; 
, ", .; ,_ i'; . ... '<~ :~_~~ " , '>, _~,'; .. ' ! :'''«_'( .~,'._ <,". -.,';' .,;'! c! 

\} 

The NCP [Title 40 of the Code d('f=~der~1 Regulations (CFRj,S~Ctibn\'300] provides! regUI~tioh~ for 

. implementing CERCLA and SARA and regulations specific to removal actions. The NCP defines a .,. ", 

removal action as: 

" , ~ ; ",,' ."·.i:_ 

" '~ , 

. Q91017/P .. CTOJ.l!11 



[The] cleanup or removal of releasedhiizardbus substanceS' from the environment, such actions as may 

be necessary to monitor, assess, and evaluate the threat of release qf hazardous substances, the 

},:9!SPQ~~,I.,of r~rnqved mat~rial:. qr tny t~Kingot,s~~n~ther ,~;~ti?r)s. a~ m~r, :;b,~,~ecessary t~,:prjY1nt, 
minimize, pr mjti,gat~ damage to, the publiC ~ealth or, welfare or to the en.vironment, which mpy qtherwise 

,C"; ._:,_,! .. :' . ~':,; "fi' ~,:~_~- ,: ;. :;-f'~.! <i ,- " ·'~.:·!i·'-·\·', '~',-,-,,:,:~, ; >- ',,- ,to ::'c'_~ .. ' :~'''t-;, 1 .>': > _-,_.~. "'"i.." '_;'~ {,-'-\/' • >'(' 

result from a Jeleaseor threatpf release,. 
\"': .. _d:,~.;.,.~ ~.,:.:_} ;:(,_1 -"!)::~-l<; ,-:;~~J'~;~t,: f~" ~;:' -/-J -, ,,';}-.f \[»~ 'i,;~ I; 

-':".' ; ';, '_,J~_~ ~ : .... ;~:;~' 1 -;: \I' \. ',', ,-j 

The term includes, "in a<:l<:lition, without being limited, to, security, fellcing or ,other measur,es to limit' 
'l:':"'(;-':~, : "~:2 :"';Ifii-.,', \;<>':.: "'~ "'!.~~i:',~.{<~-,-<> ;~:\!~> .. " \: ;;~ ~':':~i{ ;1.' .',-, ",-j" " "'-.,;.. ;':"(f;, ;',,_'," <'. 

access ... and enforcement activitie$ related thereto." 
,~nn-.;" ';:; ~r.j-, ': ( .I ;1::'\!§:~ ,?1' /~"f;;.:";'C~~ ';-n J.i' j 'r .', 

t) ~','- ,£. ' 

A time-critical removal action (TCRA) is performed when the lead agency determines an immediate risk to 

public health or w~lfqre Of the U.S. or environment, whereas an NTCRA is performed when there" is, an 
.·~'>~·',\fi,.~I': "~:;- "'.;/ .... ' ~); .. ,!/' ··.(~.i·~ ~'~~j'~.::-",:. ..:,' .-"t{.;···,··,;·, ',:~\. ! .: ::.C:'i::· -.,",1 ·' .. -~~I ,'-':'- :;">, .' '> ,::",';:, ~," >.-~;f':-' :\ 

imminent, but not c;ln immediate, threat, and " ... 13 planning period of at least p months exists.before on~ite 
'~',l,1:\ .. ·-i".···:·,'.', ,:-:-f: ;?):i'\C:::.-<'~:·'! :~,~~.~},:'j 1:.:: ;(~\?r:x:.,::. ,':_"f~ <·:·;'.,<t >j::,:;:::<.:'f·· .. -,:·r~.r,;!<F;::i~j';·"~:{:J-;' ,:-'y .1 .. '.< .. ~' ~ijij:' .,' 

activities.mwst be initiated (40 GfR 300.415[1>][4])." "NTCRAs lTlay t;>e il)terimor final actions; they may 
r:",~>·,':'~)f .. j ;:·~G.~~ :;-~,L ';;~>~ ... "''''J'';'.: i".~:,~.::~, ~_~c·:-~~~H·;'t .'i ~;U~.~:'.,.·;'l,·l.;:;~'\;\"'l.._:' (,,>,~ >:)1"\' ~)ni ::.), .... ,> .•• :.:.'~'~ •. ".':,'~ tj~:'r:~"'ht;f:':-! ~·<C<:..~ 

. be the first and only actio~ !3t a $it~, .orQne of a series of planned, response actions (EPA,1993)." The 
. '.~.H_; I~'; ,.,~ -:'.,jj.\,-:~ ;.:,1:~1f~::-:i(-J·; .. 'i "'<0; ;').":." ";,) .:~';:·r" ,.:<·':::Y .. l ",,:"'.,-~".:';":' -"'!: /~ :;:~L~T''y:-r ":-<:.; ... ~:.;.L.,,'.:.':->. 

removal being considered for Site 1 to mitigate potential unacceptable human health risk from exposure 

to thprium-impac;ted soils is not time-critical, , 
('~_",,:~ ti::':··'~'J''":n;, .. :.:j;~: ;.~~:<,;' -L~')~~- '."; < .... J , ':'r',: '; i 

',j C 

The NCP reqUires the lead agency to conduct an EE/CA to ~aillate NTcAA alternatiVes. Th~ goals of 

an EE/CA.-,.are to satisfy environmental review and A<:IIlJI~jsfra;ti~e; B7cor.dJeq~i~~[l~[1!~ -fer- ref"9qval 
>~,' _,' _, .,,' ,,- T.' -';.', ,.~ -~ ,,' ,I ~ ~ -,' 

actions, and to provide a framework for evaluating and selecting the removal ac.tion~alternative 

technplogl!3S"(E;BA;199;3); f' ' ,.i " , ') , 

", ; .. ," ,if ,I' 

, Communit-y;jhvoly~ment req!,JiIer:nents;tQ[)NTQ,RAl) include m!3king, th~"I;E/qA i!3y~Ha:I;>Je JORfPJ.J,blic;:'revi.ew 

anp;:QQmm~RJ"{9r' a p§ri9Gbof3~O::-da.ys, ,AnannounQelJi~f1tQnhepupli.G,ccQ,rxil1Jent period, is; req kI ired .in a 

local newspaper. Written responses to )significant comments will be provided in ai ,t~spo~siver:1€lss 
summary to be attached to the Navy's Action Memorandum, and will be included in the Administrative 

il,: Rec;;ord.Jor: NSF,,1IH. ,Informatjonin"th~; A(:llJlinistrqtiYE)g,ec;:prd,; c;:ar)bl? acc.essedat :theofollowing 

'., repo~it9ri(il"s; 

Illdian,H!=lad,l:OWflH!'lH., 
4195 Indian Head Hwy 
Indian Head, Maryland 
(301) 74~-5!;i.11 
,. '\";', .,,;,,: ., 

Gh,arles ;C.o;4lltY,PlJPliQ !-ib.ra~ '. 
2 Garrett Ave 
La Plata, Maryland 

,,,- (301) ,934~900,1 , 
"";,:. r ":,;", ;;! -c; ;.,.' ,."j: 

.J 

1.2 PURPOSE AND OBJECTIVES ..' 

" ";;JlJii!\(al$,upp~rtFa,ci.H,tYilndi5m Htlaq ~,E)/"I.!?ral Library 
, Building 620 (The Crossroads) , 

4163 N. Jackson Road ' 
In<;!ial1 tlead ,Mi3lY.lafl,9 
, . ; .~,' f,. ' .' , < _"'" ",1, !""( 

This EE/CA has been prepared in accordance with the EPA (1993) guidance entitled Superfund 

(, ~,',',i 
" . 

c 

Guidance on Conducting Non-Time-Critical Removal Actions Under CERCLA. A, comparison of 

developed re~oy~1 rltyrn(3tives il?JJr~~entecl~e~~in9a~ed o.n ttI~~r" te9~,~ic~l)eal:;i,~liit~,~»ility,.}q protect 0 
, 091017ip 1-2 



c 

\ 

human health and the environm,ent, ability to prevent the potential release of hazardous chemicals or 

substances, and cost.· Submittal of this document fulfills the requirements for planning NTCRAs as 

defined by the NCP. 

The objective of the NTCRA at Site 1 is to reduce or eliminate potential unacceptable human health risk 

, associated with hypothetical residential exposure to thorium-232 in soil. The removal action alternatives 

evaluated herein are as follows: 

• Alternative 1 - No Action 
\ . 

• Alternative 2 - Excavation and Disposal 

1.3 REPORT ORGANIZATION 

This EE/CA was prepared to include the elements specified in EPA (1993) guidance, and is organized as 

shown in the Table of Contents. Tables and figures are provided at the end of the document. 

091017/P 1-3 CTO JU11 
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.;tf.'. " 
,,'-" 

, " 

This section provides a summary of background information for NSF~IH and Site 1 - Thorium Spill. 

"AdditiOh~i informa'ti6h'Cahb~fbuna'rir1the Tetra Tech '{i009 jl:mEil! Screenihg ~roce~;:dSSP)-lhv~~{jgaHon 
Rep6rt ThiS; secti8~ '~lso's'Llm:n1arii~S pr~vio:LlS em)irontTre~tal Invesligatians'anH'actions tha't'bccurre(fat 

'.!}'," 

"':',j 

,',·.2A.1 U if Facility,Ldcatldn " 
." 1 

i,-; "~J: 

NSF-I~·Ljsl()c9,tedin~. Ilo.~m('(~$.~e~~ Cha~lesC;:;qulJty, M"! 1);'1,9n d., ,Af) sh~"'Yn ,on Fi~ur~~,~1) NSF~IH is 
• '." "\"' ".< 1 <'.~. '<."~"~., ,."'.'.' 1 '~OJ •. (,,>l,--.,.. ',,,;.' ,j-""",':l-" :-.j' . 1,- '~-:,"':~J',. 

approximately 25 miles, southwest of V\(ashington, D.C. NSF-IH is a militalyfacility consisting of the Main 
.~., '1:'::1/: ;.-:: ~--:~r:i£3i'1~,'~:'1 ,~'.~!'.~'-;>:~j;:."; -_.'~ .. !:;-! >!.~rl,~··:;··.~.r_":-r~:'·~ :!' .. t"J ~r-. ,\!.";:; :. i_';-/·,-·,~.':i· ",'>".');;,"';:,." 

Area on the Cornwallis Neck Peninsula and the Annex on Stump -Neck. As shown on -Figl,Jre 1-2, the 

Main Area is bounded by the Potomac ~iver on the northwest, west,allo~qutb, Iylattqwornan Creek" .. to 
\ . .'?" ":' :.-,\1,;' -f~fJ \-~,{ >; ,!f,: -'t.;';), 

the south and east, and the Town of Indian Head to the northeast. Stump Neck Annex is located across 

Mattawoman Creek and is not contiguous with the Main Ar~a, Tha dOrqtJQ{1coH3i.te.! rt_ is shown on 

Figure 1-2. 

'2.1.2 

The Indian Head,peninst:Jla i5! llecatedin:the Atlantie, CmastahPlain RhysiographicProyincJil,' aPRrQxJlTlately 

8 to 10 miles east of the Fall Line that marks\,the:'Weste[n;extent,of:the,physiograp~ieprQvinc~;,11J(ilian 

HeacLbas gently rolling to undulating topography with elevations ranging from sea level to more than 

100 feet (ft) above mean-sea level (msl). The higher elevations are on th~ ;~.aste,r;t1tP9rtiqm<of the facility, 

and the land surface generally slopes to the southwest and southeast. Th~ portion of NSF-IH along the 

Potom~c . River is . bhaf~defized' 'by 200td':;'1d6-f~; blUffS. "The' portidh alOng M~ttawbmarr cr~~k; is 'm6re 

genllysldplrig.' ....., '\ ., < .' .:v"·· 

',) ". '. 

,"".,,1' _ ;" .• ;;'. • •. :,l.;~:;;/~.~, .. ,"'. ~>:)'!";;"-!: : (j \,,:,0,.;,:< :'.l !' "~i·l;;·~ -':. ;"[1,;--"\,." ., .. -;'; .'-.~' ;~'i'.':··~'d":i'i 1: "," : •. -,-",::' "',":r,·,-,;' 
• . To proVIde servIces In energetIcs for all warfare centers-thr'ou§henglneerlng; fleeit' and operation 

. s~pport~inanuf~ctLlringtech'~'616~y:iiffiited prddudibni,!andihdustriaT1DaS~'suppbri."'<""<';:;:;: 
" ., 

• To provide research, development, testing, and evaluation of ener£f~Hg:';;;ateri~rri5, dta'n'~~!c'e'~~VIC~s 
and components, and citherrelated ordnance engineering standards including chemicals, propellants 

:'1 <_ ',,:' '-•• - _ ( '>~::" , ;' " /' '~._ "':'_'-' ·~l.~. ,0',,':":".' _"!~-' -:-': ',"_,,"," ,:( :""i 1", ";1 ; ~: ',_! _ ,', ,: .. 

and tneirpropulsion systems, explosiveS; pyrbtecnriics, warheads, 1:1hd simulators.· I:; " 

":',.' 
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,:~,_ ,>.::. t:,\~'_~,~,'.)'. -;'!.{, ... -,'c~};~;;;¥'·f ~,&~,~1.'_ \:; .. ,:..:~./~"'-.~",;.",;,~,,,. ,",:'!:._" ~'~ "-." 
• To provide support to all'Waffarecellters: milifCirycdepartn1ents~ 'and the ordnance industry for special 

weapons, explosive safety, and ordnance environmental issues. 

" I ~}~pt,th~., N~yy .v:la,~!al5s,if;lr:~q,}he j9,i,Q!~r:~o/~~r;r~plq~i~el of,Hn~!rr)~, ;qi:;;pq~9')E9g); J~~PQ'l~ibi,l!t!~;:;lor 

. ;jb?~i<;:tr~ill\1l9 ,alJ~' r~~tfW~~' '~X'~;' '9~~n!~PI1l,~mr!C'ilin i~,9,~~:,,,,~I;1~;; r~~~gW~t'I~99)gyy"~loprT"1entl,tas~~, ,'f!;~re 
established as a separate organization, and redesignated the Naval EOD Technical Center. The ~ra,ining 

. . ' '," 

function was renamed the Naval School, EOD (NAVSCOLEOD). From 1955 on, aUjoint service EOD 

training was' provided at NSF-IH until the school moved to Eglin.4.ir !fQrC;~,Ba,sej(AFl;!k' In 1958, the 
Sf 2- • -,' -, .,- , ;:"" ,'" r'" If' f· - , '. ' '~-'. ' " 

NAVSCOLEOD moved from its Jackson Road location to Strauss Avenue. The NAVSCOLEOD 

command moved to Eglin AFB in 1993, and the NAVSCOLEOD at N~J¥!i-!H'''''i'l§!;ge$ignated.as a 
detachment. The CommandIng Officer and the NAVSCOLEOD Headquarters returned to NSF-IH in 1994 

'vJh\Te~Vhohstr~~ti6h' pr6)e~f~~s ;b;~ind d6M~I~ied;~fJElgin':A:~Er 1 rh!J~htY~~~";1999, 'the 'NAV~cbL'EbD 
·'!~a;so;~lJri~dlidi~ted'~fElgih:Aif'8;.;;'J:\'det~c·~m~rit:of~6bip~f~6hri~ne'fn~IH~"gt'NsF~IH." ·r; , .. " 

; I,. ;', ' ~ 

, i'.; j 

Site 1 is an area of approximately 60 by 135 feet located between Building 1662 and Strauss Avel"lue~ 

(Figure ~-2). The area is currently covered by a parking lot and rnaintq!nep I~.w.rh B,uilQtng 1662 i.s !Jsed 
;,~j-.. !~" '.-.< .... :~:.::t.~~~."~-~"' ., J::'.:'" ' 

for electrical and satellite communications. Future land use is expected to be/any military, industrial, or 

"IC(i)mlilereii:\P use'riee'dedj(tol1SUPJD~rt ;the NSFj:,1 H; mission. i)( at, is):unlik:ely' that', the~ite ;,:area,;wduld'be 

r;:d~Veloped'fgjlteSidential;' usenwhil'e1ander,governmentcontt01.," 

·.~h!3 ;;;f'J~;v,gkp~,9! iPy~~!~[T)~ Rqmm~wp. Det99hm,~q~i~(~!:\ VSE~P ~l) ,:Raqi()h;~giqaJ . ..'Nfairs, SuPPqrt. 9ftice 

(RASO) provided the historical information that served as the basis for site background di~RlJ~l5i~n[$~e 
" "_,,1" I, j,;' _{. 

Tetra Tech (2005) Site 1 SSP Work Plan]. The construction of Building 1662 was completed in 1983. 

Building 900, located northeaSt of Building 1662~:VY~~}rpl~rle)iw.iC;>[J9!;W91. 

;,(T~,9riHnl ,W,gS "ir~f ~I~,c.)lc<:l\on, ~,~~~rpHnp ;fl)i?;it~ 1, ir1994!/n ;RPn,n~\9~i?8~it~; r~?i~~ion tra.iD,i~~, efrrcises 

conducted by th~, ~,I1\(SY9~Eiql1." (i Jih,qr,i;uI1JQr~ cJrC!m;,,~RRJ.Ox.irn.~teJ¥;,five drurT;l~, ~t~o- to qp.~gallon 
, ,., '~",' ~. ,t~ "_:. ? __ ...... ~!." ",' ,t··,. ,.",~ .' c~ "'J'" ',/., 'I.,' ";-,111,1. .. '"." '<-.' .I; ... "',' ,.', ' 

capacity was spread over the site. No U.S. Atomic Energy Commission (USAEC) license was issued at 

.J~,~,tilJ1,~,~t;te"o,r:~. w~~;.l;>lJfc;:ha$~9· 
''''''. '~, ,'. 'd} ",J _" ,. ,,, ... ' ,i .. .,' .i, _.' 1 ;~L_. ':: 

~'rl; ,,':-,!",-,\. ;\~i:·'~:1Y; 'J~ '~.~ ,'>-'-~ (,]".', Ii. ~h' .;:>,.< 

Thorium is a soft,. sily~ry w~:it~ r,nE1t~I,\I:1~t :dt~SQJv~S,:sloyvly il):"}(Jlter. Thorium-232 has a half-life of 
.,'.'" "\,,,.>. ".1.,' .".," , .• ',,'1. 1 :'_ ,oj""., ~i'~"""'~' '_"""., :"',r' , \'~{~.~, 'l ' ,.~;-;~. 

14 billion years and decays by alpha emission with accompanying gamma radiation. Thorium-232 is at 

CTOJU11 

o 



( 
/ 

CD 

, the top. pf a long" deGqy,serie~ tha~ ,i~Cilf;ltai,Os ,Ke}t17qqiQnL!clide:; ~l!Ghi:;~S radiuJT,l-228,its ;,djr~ktpecay 

, product. and rpdQn-,220.,. Two other)~qt~pys.of thQriuf:T'\ti'3rethori4m-230;?n~' thoril!rn7228.Bothl:;l~IRng to 

oth~r"d.eqay serie~, They, qISQqecay;·t>yalpl;1a,selT)j~H~lQnwit!1 ,~Cy9mp,anying; gamm,a r:~diation,q8d have 

", l:lalf~ll",es,' of ,75,400, Years qnc;i, ,t.~f; yearsu,p;'l::;pe.cti'(e.ly ,(http;//\(\'VIIW'~PCl,gov/radla"tiQn/r9d.ipnLlclides/ 

thorium.htm). I ;. 

Site ,Environmental History " 
i 

'I t ; ,', ··c .... ! "-. (.~;,/i ;:~)i' ') , ')i',<' ''l/f! ,';'; l!':',J ")""I;~~(f'L '.~ 

.As mel1tioned, above, thorite, are was first plc;iced. on Sit~ 1 in 1962. Early if;! 1967, sqme of the tho rite ,ore 
, ',:'1 .. ', ';:"'. ,~ 1 . i ,!.' ii ;, .. "~, i, ; ': '" ( '" .,',,' -'<l ur '. ""';{_~ 4 .fie' >,~ f" ,::," _ -;:' "'-(.;i.'-:-, t~·c.}L -.>'~-:L;i ' 

was removed from the site, placed into bqrrels, and transferred to an unknown destination. The residual 
, :.i, .~::'-,!"j '1"'- E:! ,,> ': {~',: ... , r~, ;;-:',' : :"f\-~ :.t,: .. (f,:! ,,>r:'~,c' 'he:;:l? ~~;,:;;'" "r\.; ,,',-,('\If<_'<i 

soil on the site was then disked and harrowed several times to uniformly incorporate any residual thorite 
, ' 

ore into the soil. It was reported that the soil was ,affElcte.d ,to a depth Of 8 to 12' in9hes. 
;(~~":~:f',c' c(\,l}:.;:~Y:~:~>: . .'·~'?.::} r',:: ,: r:-,~;,~5<: .. t:.» J~;::\: .:"~ .. ~.~.'., ': -:.~:,. 

Iln,,197,1, ,a samJ:lle,of th~ tl;1.orite QrEPI\l;a§;9S~a}!~,g,fQr;;tnqriqmAQn,~~J1t bY~D~~f1gine,fri"gp!vision( l .. "S. 

Army ,Engineer; P.PVVEpf GrOlJP,'Fipr:t,l3,elvoir.;.Virgif;!icil'rr Th.~,rel)~lt~; werEhrepor:t~,d, as; "Tl;1oriUJ71, content 2,.5 

',. wloth9Jium with ;~,;sp~Qific iilptivity 0f 1.00 )c;lJ~i(lteg.rCjtiQb~, p~g!"eco,li1.9; (dp,s) per gra!Jl." , ,A.radjo/pgjgal 

, ,'survey GonduGted~qti Si~e:,1 pnMiilo~h,i,2§i,"Lt~l?",~p~tElr,rni!l~c;l! tt;tCltthe,~ffe~t~d Cjr~9S )nctuded j l5even 
~ , " • , _. ,0 _" ., '" ."_, _ , " _, _ '\ " ; 

IQ~ipns cove~ing~. total ofapp,r;QxilTll'*~IY'90,O·~q.uar~-.fee,t: ,JI;1~"dfWfh,sJ of,tl;1e,affef::t~c;l soibrClLlgec;l. from 
, ' _ -"', _ ~ ,,r, '_ , , " , ' .", "';, ,_> - •• ,., "'-

.!14,toWJAchesJbelowgrol,ilJd,surtaG,e,~(bgs),:: '" ,"',-'); "~', '(',;,' :', 

, ',~ . 

In July 19'7-2, the radioactive soil was excavated, placed Into fifty 55-gallon drums, and stag,~9,latJhe 

facility's radiation training area. The drums were shipped in October for disposal at the Nuclear 

~Rgif;!~ering Gom pany, ,Ina" I, iFIMoreheaq, I<entu~ky.,,; :fwo, sub§§quent cradiqlogical, surve¥~l:~CjGh·f,9H()wed 
• , • • J • 

", by t/1elemqval of raQjpCjQtive;,r:nateriallj,ocqurr~~ ;Gf)~I)Jqv.ewb~r:197;?i· Thfj!exgayate,9i-;a~eC;l;WClS b,apkfUJed 

: with.18 to 24, inohesof cleansojl. tor~,est;:lblish,,9rJgi(1,aLgr~,p,~. ' '" , • ;:J ~>;. 

, ) 

,:A final raqiplogic;:llsUf'\IeY,9.f thER.ar~a '''Ya~w~rforr;T1e_c;\,by'%S9,pers9nReI)IJFe9ruwyt ~l6" J~ .el. tvle.fch 

1976 rriemorandulTl,i,8ASO. ,in~icate9 Jhat)~asediPQ! thEl, sur:v~y;",';t~~~Llbj~ct iilreq,has:,be,fi)n D!3ttJrn~qto 

background and may be released for unrestricted use." However, in 1983, two buried drums containing 

thorjl;,lrJunaterial, dir.t a~d,gr~y;el wereqi~c;()Y!3rEi3<;1IJ,e,arJhe~iJe gL![in.9 ~onstructiQIJ ofSuih;iing1g92f'; The 

" \ \ I'; ·',-'1 :/-,'? I;:, 

Prior to constructin9;:ln,apeji,ioo. toI3yildillgi~90,; a rad.i.()logi~9J:surv,\"lY,\o/a.~' perforrned.),,()c,09~r~Op1 

along the southeastern side of the building where the site was initially t,hought to be loc(!.ted. Teh 

subsurface soil (0.5 to 2 ft bgs) samples were collected. ' The associated survey 'report concluded that 

"based on the laboratory results, no further actions regarding thorium are required at this time. Soil 

, ,reme<;liatipq. will, not be"r,equ,ire.~,~~. part .ot~,Ujldirg~909:~oif\Ltn~e,r9p'erabiUtY,~roj~8t.:" 'ij,;i'~ 
'.~'., ' : 
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" In"November"2004'; RASa indicated 'that it'CelnsitleredallkribWn dnirt1s of thorium,bre to have been 
. . \ 

I acd:luhtedfbr :andcpropefNdisi~8sed: " However,'RASOindidcifed; hi' the" same comniunicationthat 

i "f~dfatibni ItfeastlrernentsY,'madeir'l' ;197218r9' nbCdefiiiitive'as' 'to tfie"thdi'luli'l oonCehtrations rernainingafter 

thecU3an'up:'Ch'sfaCterization "sbrveys;~ke still neoessary:" F'olldwin!il '8 search' ofhistbrical files,RASa 

provided a description of the 'location of Site 1: . i; ; 

Clean soil covers the 60-ft by 90-ftarea to' ,8 depth of 12 to 18incnes'a's:tg result df'the1972 removal"of 

contaminated soil and its replacement with clean soil. No drums currently exist at the site. If 
~';-) f.~"'!- 'r';; ·"i~<.'J;' ~jr.~~',-;:'. J<~·t ,~f: \/L._~~.::.~ .::~;'>:;~' ;"~~.< ,'],:·:'e (-\{,;- ,'!'2+:o~' :;cf L.-·;'~ ;J,>V Ci.;",. }~;",.,;.~. ,', '-~'~I'; ~'-'j:;,' " 

contamination exists at the site, it will be found below the 12, to 18 inches of clean soil and within the next 
~. :.:<.~.~ ;~':' ~ .!'.(~ .; .. ,;.-.~;", .,:,')('%i':';:U';!.: !~:~. )- ~_~ .. _ ·}-1·.~-:':!\ ;,t (tl'~.r:~ .. :; <~ ... '; :,-;-\., .. ,-: 

12 inches of depth (I.e., the bottom of the interval in question is 24 to 30inchesbgs). 
d i>:~t!~,~ ;:;1-:",; \ ,;::' \, ' .): ,it;" ,~j " ~ ":\";-~,' • 

·i'l 

2.2.4 
) 

. The 'ssP'rhvestlgation :at SitEH;l:Js~'a'rf'in;2085it0 ;de'ferri1ihe 'wh'ether historIcal practlcsl:fresulted' in: the 

release'of thoriUh1 atco'n'ceritratlon's of;(poferitraf envir~nmental'cbd6erh.::Dlfririg the ihVe~tig'atiOri;soil 

" s~mplesw'ere' cdliEicted from; theRASO-apt:kb\/ehl'~ Refererloe :Area ·and,frOniAhe orisite.' :study'area 

lTFigures '2:'1 , and;2~2).')'Sa"niple'sf\Nere; toliedteclPfrbrn \i~rlabl~<idepth'iMtervals (~'8 tb' 24'; 24 lt6'30 ,"or' 30' to 

36' inches 't:lgs) frdrTV~-a::inbb} diamilleF,bbrehOI~ 'atid;'s'eHti1tbdf laboratofY,3f6r thbrrurn~232a'fialysis tlSihg 

,alpha spectroscofly. The appropriate depth-interval for labofatory';samp'IE~lsele6tidn<was -ba'seCl bh;:the 

highest gross gamma radiation reading in the field from a gamma probe scintillator lowered down each 

bofetiole'.'" ,~' , (> _'i,,:';, ','n",); .:";-··'C:)}!,: "'i' " ;1,:'",,·, "', ': 'i 

'The>preseri'ce &/absencE{iof'te'sidl.laJ::':contami'n'citioi:'!iat','SitEl ,1"'was"aeterinined 'byevaluatihg'analytical 

i.'~$u If$'b~tViJeen-fhe'sTte'""al1u- th6 R~f~reri6e'Areat !(u iiedlita mi nale'd i b~dKgrouhd: -cciind itibris),. Backgl'ouhd 

conditions, or a derived concentration ?luidiilinei~/e'vei;>+DOGL}\'were/was ieStablished· b9 adding 

1 picoQurie per gram (pei/g) to each of the Reference Area data (determined by RASa to be an 

r;:appfdprlate'l MttelTi eHital i do h'centl"'atiorl' by\WhI6fdh'e'"sit~if~oO IEPnotexceetl the Referench3'Ar-ea ). The site 

,;ia:f1cfbadkgrollriddata sets'w~re'cdmpared'usihgithe"WiIC6xori'RarikSUtn(WRS)test. '.'," .-,[ 
:.';\' 

The:f~kults'bf' 'the' 2005 'effort; 'aldMg With adaiti'onal :reseatchon "historical aetivities, indicated ·an 

expanded study area was required:L\i$ui:lseq'uehtly;'tflcfrgerstudY'area was eSfablis hed and' additiohal 

soH samples were collected in 2007 and analyzed for thorium-232 [a subset of samples also were 

aRalyiei:Hoi" nattihillf/o(;curritig iEJ(!iidadtfl/tlmaferial (NORM)ioy'g1:lmmaspecfrdst::dpy]:' 

( 

1 . ;'.; i!'~ '''~:-'-:.'~i.'r ... :, -.i'I,.,;,ic~d:--,,·f/-,.~?,~~:\~ .. 'I',f,\'~·~··.:·\·~.·, '.':-~~.".;'::.' .". ," __ '~ .. ; '.:':::' ,." . 

The MUlti-Agency Radiation Survey' and Site In,/estigatlon'ManLJal (MARSSIM'j' [Nu'CleafRegulatoiy Commission '(NRC), 20'091 U--< 
defines the DGL as "a derived, radlonudlide-speclfic activity concentration within a survey unit corresponding to the release 
criterion." MARSSIM also describes DCGLs as " ... average levels of radiation or radioactivity above appropriate background levels." 
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o 
After evaluating both the 2005 andtb'~C~)(pancjed~OO.7;qat<;l,~~t$, ,it vva~',:Q:e!~rrT}in~d th~J nine sprnple 

locations (80188011, 801S8014, 801S8020, 80188021, 80188023, 80188031, 80188032, 

8018B039,;.a'r:iai'SO~'S8oliOrexhibitedelevated adivitycohside~in~HIiE?[:)CGLaria !field'measuh~'ments 
(Appendix'A and 'Figure2'-2F"'" " .. '", 

2.2.5 Risk Summary 

, 1r,1 addition,to, t~~ ,\ftJR§ t~~t,iiIY1A~S§,IM {N~~C4POP) $tE!~!il~,~tJ~HN~gsiQf,!elev,me~:aGti'{ityne~R to be 

evaluated. For the purpose of theS8P, these areas of elevated activity were simH.lythe:irqi'{ig~fi.l,sample 

locations where thoriurri-232 exceeds the developed DCGL,or where field-measur~d gamma readings 

were ei!!lyated,. .Ih~refon~!)t ,was: [lec,y>~:s,~ry,to, ,de"E;;lpp a n~W; O<;GL, ~o,~ev~Nl;ltEl1flr~l;l~,,9f ,ftl;evated 

aptiyity,.;:. ""'Y'.\.", b,,;,"·' ':." :,: :., 

) , 

To develop the new appropriate DCGL, the RE8RAD computer software was used inconjunction with a 

Je~igentjalg~fiQener.expO$LJre $ce[lario (C::.Qnsiqered,r:!?si9~,nts wl;)q~j)d,not rai~ei:tt1eir own meaJ,rniJ,k;or 
" .', ,.J ,_. , -', . >. -.' 1 -, , , . _ ,- .'" '_,' _ , ... ",. ""f' ,'.,,' ~ ... , .<' . l _.1 ,~.' ....... ' '.,'" ,'" q ,-," •. -. \,. " .• • ._. ,' ••• ' • 

,aJH!f!tiC f9Q~ PlJi ,thEl i proPf3'1v 'PY~i W,e,~~8?,?I3? '0 ~~9 iatiolJ;~iai~xtym~L .!;larnma ,Fapiqtion} illhiilJati?HJpJ,anf 

inge~~iGn, drinkipg VY?lt~r,'i'llJd spi,lcingestioll). ,·,Sf3ver<;lL r[lod,E31 Jtfil$ Werl~,. rnac;:te u$,i,l)g ,aSSlIrT1ec,1 "QC<;3Ls 
, c;, /" ',.'" _. " 1 .. " __ .,,,;"~_.".,, .. "" ~i ,"<,'d/,.·',' '; , ... -~·<,;.,d, _l, .,~ .. ".,l,.·,,_·. ,. -. ,:." __ ,, .. ,,,_ .t,""~" •.. ,~ ... \) , __ .. -

" troIT) 11,)g4:RSilgJoc,m((ri4m;-2i3.,~; !fJ~~~jI, ;!q9.~t~r;rnin~m~ie~4'ti\l~s?qpE3r,ri$~ !~XE3JS"ri :r!J~gpa,L~a;sto 
'develop a DCGl IMat corresponded to a--cancl?,f. riskvvi~h,in the, ,~FA, ac~eptaple;(pr prE3suma6.1~t,f")ot 

. '".' ~".h"· ·~;")'--·r·-;;,·, .. ,~·_.-,.j" ";', .. -' .. ', ,-,_, "h., '~"'! 

unacceptable) risk range of 1 x1 0-4 (1 in 10,000) and 1x1 Q...€),{1 in 1,000,000). The maximum DCGL that 

resulted in a cancer risk less than 1 x 10-4 is 3 pCi/g. The....cancer risk levels resulting from the HE8RAD 

modeling are shown below. The RE8RAD modeling run output is provided in Appendix A. 

Cancer 

m-2S'2 ConcentratiorfTn Soil (i.e., DCGL) 

Duration 
(years) 1----

1
--..,..,.----'-------..;::.-

2 4 

o 5.1ax10-s .04x10-4 

1 5.39x10~5 .Oax10-4 

2.a7x10-s . 5.74x10-5 1.15x10-4 

10 3.17x10-5 6.33x10-5 1.27x10-4 

30 2 .93x10-5 1.19x10-4 

100 2.34x10-5 4.67x10-5 

Seven sample locations (80188011, 80188014, S0188023, S01 88031, 80188032, S0188039, and 

S0188040) had thorium-232 activity concentrations greater than the revised .DCGL of 3 piC/g. Two 

locations (80188020 and 80188021) with thorium~232 activity concentrations less than 3 piC/g were 

retained as contributing to unacceptable risk becallse of elevated down-hole gamma readings. 
\ 
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2.2$ , SSP InvestigationConclllsionandRecOtnmeriaation 

, ea~~,d on, eJ:\c~edances oftt;1e D,OGI,. iilrJd el~ypteq :fi~ld re,9<Fngsj,there,are\nine;:;ampling,locl;ltion~ within 

two areas that are candidates for excavation and removal to depths ran~illg frqrll 24 ,to !3,q)nc,he~bgs 

(Figure 3-1): 

• The first area is defined by sample locations S01 S8039 and S01S840 i~ the northern portion of the 

sHe: Ineestimatedateabfcortt8'inihatlbn 'i~":i300 sq:uare feef,a'ri'd the depth 'of contamlilation is 

'30'lribhes' t2.'5fe~tf' ,"';; 
.. ,' 

, ~Thesecbnd 81\ea 'is 'derihedby the remainihg samplelo'c~tlpns in;theceh'fral 'portion of thi:{ site. The 

estimated area of contamination is 775 square feet, and the average depth of contamination is 

30 inches (2.5Jeet). 

The' contaminaledsdilc6uld 'be ,iteHidved'fdr;offsite disposaL" Siiis'e'd 'on the site his'toryancfslJrtace 

";.cilaiafidn" measurem~nts, the upper '18 in2hes 'e>f sbil' rridyhotibe cOntarhin'Elted." "If fhis' soir'i~ removed, 

scre~i1e~rfbr ri:idiatibn, a~d~fodnd to be 'i.incont'arrlifrated, i.if'i:;ouidbJ:st02kpiledtdr use ifs'batKfill.',This 
.. ~\-.~.!,_ ... ;;I~,: .•. /; .'.~"i~ ....... ' ",,": 1 .. ~··-"'~· ._-~" P_C_":"I""'-"_-~-'~>" . i;,-: .··.;~_'··.:<'t) ,'.;~,: .;, " " (: .. 

. 'Wouldreauce the~voliJme of soil fbr'offsite dispbscil'by mdr'e~fhan 50 perCeht.''AHoth'er option wourabe to 

"'impiem'ent latld;Gsecontr61~topr~~eri{resideiiti~lusg. ' 
L, """ '.' ~ ,~, \ . - , 

- r.'I-' 

.. ,[ ~: • \ Y • 

'. : 

,. ,,! J ~,-'. .. ;:.': " 
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o 

N 
D -o -

Sampled Location 

Topographic Contour 
(Contour Interval = 5 ft.) 

Approximate Reference 
Area Boundary 

Asphalt Road 

Parking Area 

Building 

Wooded Area 

~ 
Tetra Tech NUS, Inc. 

30 

SITE 1 - THORIUM SPILL REFERENCE AREA 

SAMPLE LOCATIONS AND RESULTS 

NAVAL SUPPORT FACILITY. INDIAN HEAD 

INDIAN HEAD. MARYLAND 

Notes: 
Units are in picocuries per gram (pCi/g). 

o 
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SCALE 
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DATE 

FIGURE2-1 



J 

·0 Sampled Location 

• Samples Exhibiting 
E:.levatad Acllvily 

/"\' 
Road Location Prior to 
Construction of Building 1 662 

IV ~~~~?o~~~~~e;~~~ ft.) 
r --, 1972 Elevated 
1- __ I Contamination Locations o Approximate 

Site 1 "Boundary 
_ Asphalt Road 

o Parking Area 

_ Building 

.. Wooded Area 

SITE 1 - THORIUM SPILL 
SAMPLE LOCATIONS AND RESU.LTS 

NAVAL SUPPORT FACILITY INDIAN HEAD 
INDIAN HEAD, MARYLAND 
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3.0 IDENTIFICATION OF REMOVAL ACTI8N,C)i3Jj;¢TtVES 

,{!l' ,., .. '.,' .. ,~);-.; Ji" ',,,'j i<_'L\:,A-)~"':1; ::.r 

TheR,.ernova, Action Obj~ctives (RAgs) i3redElv13loped to provid~,gu.id,elinElsf()r e'JaILJ~ting .tre removal. 
'.. . ' ; i ;., . ' . , (" . , - . . '. :' <i " :: -'." j'," , : : -'< .' ,," I ! -' - ! '= ~ ; c j • ," -_ ':- ; " _' ; J I _. • .' I . . .'.'" ' 

action and assuring that the action complies with regulatory requirements [e.g., Applic;able or Relevant 
j ~ ': 1J; ,~ •. ", '", i: r,:: '::- :~_. .' 'r " ",_-, 

and Appropriate Requirements (ARARs)]. This section presents theRAOs and the removal action scope, 

schedulE}, associated statutory limits, and an evaluation of ARARs for the NTCRA. 
:.~' , , ,-" ; , i .'i-. :".' "! " ~ ;. ,"I! c 1-: 'l,' , , . f ' 

3.1 STATUTORY LIMITS ON i{E~OVAL AC¥ION 
, ~ : > 

"'The NCP'(Le':, 40 OFR.'Sb0,415) dlcfi3tesstatutorylimits'of'$2' mnlibna;nd12 months of EPA fUl1d

financed removal"8ctions, with sf~tutorY exemptions 'fdr'ehllerge'ncies ahdactions consistent 'With the 

removal action to be taken. However, the removal action evaluated in this EE/CA will not be EPA fund

financed. The Navy ERP does not limit th~ dOsfdr'duratiHfibftheremb~al 'adti6n;::nhnetheless, cost

effectiveness is a recommended criterion for the evaluation of removal action alternatives. 
, j :-;, ,'r ,-.: ; ~, i·~. 'l \ ;".' ' 1,,'. ; ! ,- '.0':;.,; \ ~: ;,: _,':'1 , .; ,.'; , :. -.j-: 'j \ 

3.2 
"I '0 t '< ' , ,;;,/;,:.;,;,~ 1 ' 

REMOVAL'ACTION S,COPE AND OBJECTIVE 
',:,:::-': ',e~>"~,,,;, !:,~ ',-' r'_~i';'~'~~ t":~,_'~it ji , l ':1(.' 1 ,'" 

The results of the SSP-Investigation identified thorium-232 in subsurface sQil,;as the. sJt~ir~l!3ted 

contaminant Fisk driver (Tetra Tech, 2009). Subsurface soil is the medium of concern- at Site 1. Tne 

pr9Po~ed imea$.ur.a.91~r~moval Cictiofl cl~Clnup,'lev~1 is .tl),s, [)C,Gl-:,of3 piC(g; which,correspqnos;to a 

. cancer risk, J~ssthan",tx 1,0,-4 (see. Section 4;.Z.5):~ ,lhe current limits pUhe:1 arget R,emqYCiI AreCi (TRAY for 

,soil are sbpwIJOflFig,l,lre3~,~; 

t ~ , ; ; 

. ,3,2.2 <,: ,'RemovaLAction Objective 

\= -' ::,_c"\.h'i~:~:", :, 

RAOs are site-specific goals formed consideringJhe site-reJated contaminantsJo be addressed and the 
;·':,r::..-' :", -') \:':; ;',', , ,,;X,'!"1':' ?,,:'" ", >,:}':) .. f(>·" ~:.>'")"; '(;-:'1\' _ ,~~) .. ,',".: >~;\ .... :.',~,,:.t', ;,'/'::'''~I \,"!lC ,J'!:'; ~:'~.",- ','.'. ;:-l 

irnpactedmedia, as, ~eH as sontaminaritmobiiity, exposure rout~s ,an(j receptors,a~d cleqnupgoals. The 
, \,' _'. ,"", "', "f~r;,.': . \ i 'i .,'.~'.'. ~,'.::': .-",,,.1 ~! ,,'i!', '.i ~ ',';' ',: ';~~.,. ",0.; 

RAO for the NTCRA at Site 1 evaluated herein is as follows: 

To r~d!Jgeor,elimiI')Cit~ potentiqlunCiGcept/:!ble hUrtlCiD h,e!3[th risk associCited with, hypotl)etipal residential 
~~ ;:: ".' .':~ "( '~.?;' .::'1' ~,ll'~,' -,:.\ '~,' i,~ :,':,.' ;~,;' ." . ' :"~: ,., ".,:J,," '; ,~;",~(:. ~'tJ;!~" _,' ; 

exposure to thorium-232 in soil to allow for unrestricted site use and unlimite~t, expPS!,Jre. 
,~', ~ ~ 1,,<:!~'-;;,~" 'f."' '; "" .. ~'l 

,"" . 

-,' ." 
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3.2.3 ~' ' '; , , " 

In addition to the no-action alt~rnative(Alternative 1), one other alternative was developed to meet the 

RAO. The:~2b~e of"e~~hNT6'RA'~lt~rnative\lssum:marizecJ b~row (see"Sedion 4.0 forCidentiHc~tion ~nd 
. 'evaluation of~~cihaiternafive): 

:, ~~', . 

• Alternative 1 - No Acti~n! '+h~no-aCtion alter~ati~~implie~that no ~e~00~1 workwOl.ild b~done at 

this site. This alternative is included as a basis of comparison for the other alternatives . 
. ,_ ';'\ 'J ,. ' \-:.: , 1;., 

• . Alterna!ivE3 2; 5"~xc,avati9n ao~ Off~H~,Disp()p~I:»)?irect E3~cC!v~ti<;il1a!lqi3PWQpriat!3 offsitedisPQs.~! of 

c:pnt'1!J1in~ted spil,Jql!0loo/ed by rl~st0f.f,W!im~o pr,e:'E3«isting ,c9n~iti,Ons psing clE3Qnfili. 

· , . 

>",'" ~L- , ~ i ·~-L. . i "ir.\ ~~ :'.,', ' ,\. ", (;;:,.> ~~ 
, The EE/CAwili be placed in the Administrative Record, and notice of its availability for public review along 

with a brief summary will be published in local newspapers. The EE/CAwili then- be subjected to a , <,' 'r:; ,~~, ,,~:'[,~,_ r; '/ . ;1.'~.' (~{'.~ i;-~',' -: :.~~: ::-, -~.>~>~ 

30 day public comment period. A public information session will be held during or immediately following 

the public comment perioEl if Fequeste9,~:"f~i~,qjfifant c,o,r;':lIJ~"tl)t:;;,?lre r~9,eiv~d;,~es8~nsi~~ness Sumr:n~ry 

will be prepared and attached to the Action Memorandum, which will be included in the NSF-IH 

· Administrative Record. .~ 1 ; 

SincerthiS removal:acticin' has been';designqted nohJtime~Cf"itical; the start" date will be cletermined by 

· fadors Gother than theurgehcy ofilhe: tHreat. " Foliowinfr:publiC review;) the Actionci-Memotan'Cluni; will be 

submitted with the final version of the EE/CA,- followed by preparation of th~Remedial Action Work Plan 

(RAWP). The removal action timeframe includes the time required for mobiliz-ation and setup of 

equipment, and implementing the selected removal action, all,ofwhicn arEtJ~ntati\lely'scheduledffor 

summer 2011. Alternative 2 (excavation) would require 1 month or less of construction activities, and 

wOuld not req~i~~ a~ypokf:Re~6v~ISite Contrb'1 (PRSC)"tflO~~ ~ttiviti~s fh~t a~e necess~ry to c~u~i;in 
,. "::" ""''; :", -.;: _,~:~ ;." l" .!.,-:., .... ; _'. '_<i:~' L _:.-;~j ,_ ,~'., ' . ' .= -,."n.::}; "1,· :-"'1, ;:. ',. - .' ""'r, :; ,,'~.)_.; .:,~ .; 

-t/"te integrity of a removal action following its conch.ision·(e.g., long-term administrative controls, operation 
. ; " '.' . " ~. . . 

and maintenance, etc.) (EPA, 1992). 

S.4 dO'M'PLIANtE ....... WiTH' RE:LEVANT' )(NO"'A'pPRdFS'RIATE 
REQlJlREMENts > 1 \. " . 

The removal action will comply to the extent practicable with ARARs under federal and state 

environmental laws, as described in 40 CFR 300.415. The evaluation ofARARs forthe NTCRA at Site 1 

is provided in Appendix B. Other federal and state advisories, criteria, or guidance, as appropriate, will be 

" 

091011/P 3-2 eTO JU11 

(\ 

(". 

l 



'. L 

,cQnsider~dasapl?r9pri~tl;! in fprrpulatjng t~e r~r;n9val:action. Ttleterr:ry ARAR isdefine,oin :thE),NCP ,pS 

f9!IOlJ){s: ,.),,',. 

-'J ,.,' :"" 

• i I . .Applicable requir~ments gn~, generally d.efinElda,s,cle~8upstaqdards, standpr9,soCcontrol,.:pr;other 

substantive environmental protection requirements promulgated under Fed!3raJ' pr,state,envirqlJlTleJ1tal 

or facility siting laws that specifically address a hazardous substance, pollutant, contaminant, . ' , 

r(:lmed,ial ·9Qtipn, q~'il,oR;:ItiQ,n.;"q!1Jy. those'statE? ·stCiPOi3r:ds; thaJr~re identifieq I:>Y,g sJ!:IteJn.! a,ti,(l;1!3ly 
. ( 

", m<;lnner, .pnd,that ~re more. stcing~nt· thall,Federal requiflements maybeconsiderEl.~t,Cls CiPpl.ic;aole 

requirements. . ... , ',.-{ 

,. .J~§leYa.nt ;Pl1d appropriate requ.irE;!rne!ltsar,e; define,d. ,as;cl(:lanup, standards,· stan9arQS! Qf,.oontrcil, arid 

other: sl;!bs.tljl,nti}/ei ,en"irgnmental·PfQtection. requir~rnEmts! criteria; .or lilT1itatipl1!'i' ;prornulga.t(:ld under 

Fed!3ra.LofJstat§ iemvironm!3rr.t~I.,,9r faCfjlity, siting lawsthat,are. not directly, "appJ\cable", to a h<;l4c:lrdous 

,substan~e,' .,pqnytaptj , cooti;HDini3nt, Tem~cjial· actign, 0~locati9mi;l:>utaQpr.ess;situiiltions·~l;JffJ~ciently 

relevant to those encountered at the site thaHt:leir !Js.e.is,apprpp~iq.t~;.~.;qnlythosestatEMtap(j~L<!is that 

are identified by a state in a timely manner and that are more stringent than Federal requirements 

l- ~, ' 'I' 

·-.'.')1. _. 

J •. ,.l;\tlyprpm4Jgated. stanc;iard; rE)quirem~m, ,priterion, ordimi'a.tiGln URQer.a state envir,gnmentalqrJ.acility __ 

siting law that is more striflgent than the associated Fed.eF?'Lstandard,;,requirem!3nt,.criterion, or 

limitation~ 

;'j 

F~,G!~r,aI.A~"s .preqet~r;lllinedby thelead .. ag~.!lcy,.whicl'l"!ip ttJi.s ca.~~, is the Nav.x.· As putlined by 

40 CFR~300.415U), the lead agency may consider, theurgenc~p.r, thE!; ~ituCltiof1ClndJhe s.9,Dpe ,of the 

removal action to be conducted indetermining whether compliance with ARARs is practicable. The NCP, 

40'?:G.FI3\3cR9·4PO(g)(?},$R~cifies{~J9Gtors to Gonsideri~. determiming What ~eq""iremE!qts ;ptother 

~., : 

f , :': -~; : "', -. -:. '. .' \, ': 

" • .. ,:The pur,pGl,Se9tlth,e.'reqlJir.ement)n relation to the iP,l,lrRQsEl:.qf GE:~~LA,. 

• The media regulated by the requirement 

• The substance(s) regulated by the requirement 

l'he ,actjons' or· activ,itiesreg ulated .by . .the.requirement . 

.•• . ', Variations, waivers, or exemptions oHhe requirement· 

". "c'Thetype.of place regulatetl and.thetype of placeaffedtedby the release brCERCLAaction,;' 

.\ . ' The lype and size :of thefaciliiy 'OrsfrtJoture reg (lIatedby therequiremant, or' affecte'dbylthe release 

'Con'siderati6noftheuseor. potential tJsedfaffectea resources:h'ilthe reC1UlretneMt;i';; 
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" In :some circur'nstances,a requirem'ent may be relevant to ttle particUlar site-specificsftuation butrrl'aynot 

be appropriate because of differences in the purpose of the requirement, the duration of fhe regulaled C' 
activity, or the physical size or characteristic of the situation it is intended to address. There is more 

, discretiOri' in· the 'juagment of relevantand'appropriale requirerrierits than in ·the: determination of 

,applica:bIEffequiremenfs: ' , I', 

,;-.'. 

T'1l'ree classifications of requirements are· defined by ,EPA'in theARARdetermil1ati6npracess:"chemical

specifio~ location-speCific, andaction':specific. 'An eValUatioriof each bfthese ARARs"is : presented in 

Appendix B. ., 

,.'Chemical~specifi6ARARs'arehealthor riskmanagement'-b'ased numbers ,or methodblog'ies that 

1 restllt.1ntheestablishmant of' numerical values fbi''' a given'media'that woUidmeetthe'NGP'lthfeshold 

'!', ' criterion" ofeveralH protectioh 6fhLJma:n: health 21'nO the::environment' 'These reqUir'ememts generally 

<:setpr6te2tive:cleanupcohcen'frations for tM,'cHelnidalsof concerl1irithe desigriatedirlledia, or set " 

iSat'S con~htrations' of'dischargs'for'remedial activity: " ". 

• Location-specific ARARs restrict remedial aCi'tivities' (i.e~:' removal 'adi6ris}aha"medi~:(concentrations 

based on·the characteristics of the surrounding environments. Location-specific ARARs may include 

'restricUons' Oriremedial· aeti6ns. within, Wetlands ;orcflooctplai ns; 'hear' locationsi6f kridwn' 'enda'ngered, 

, "species; or bn'protected=-waterways. 

• Action-specific ARARs pertain to the implementation of a given, remedy. These ARARs control or 

restrict .hazardouss'ubstance- or p6I1utant-relatetl' activities'. Ttlesecontt6'ls ai'e'cbnsidered when 

specific removal activities ar'e; pl\3nned'for":a site. - l-., 

'h'{ adOitidri' fa 'ARARS j other regclTaHons and guidance maybe classified ',as 'guid~H6e'i:ro 'sir Cohsidered" 

(TBC). TBCs are non-promulgated, non-enforceable igu ideliri'es' or criteiHa thafrriay' 'be Lisefulfor 

developing remoyal actions or necessary for determining what would be protective of human health 

and/or the environment. TBCsarEi; a'isoeval uateGl' in ',Appendi'x B; to "aid iri<the i evaluation 'of the' removal 

action. 

Section 121 (d)(4) of CERCLA identifies circumstanC'es,uFlderwhich 'ARARs 'maybe,waived, including the 

instance where the selected removal action is';an:interimrerhedyandthefinal remedial ,action': will attain 

the ARAR upon 'itscotnpletion'.AS5uCh ,the'selectedremovaiaotions'for ,;thesites'being 'addressed 

unde(JhisE~/CA'do not:llecessaJ'ily;need to comply; with edt idEmtifiedA!MR:,~.However, if~lternative 2 

(excavation) is sele,Gted, itis antiqjp?teqthat NFAwillbepecessary althe site to ClchieYe,l,IDfe.str[oted use 

and unlimited exposure (UU/UE) status. 
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o -o -III o 

Sampled Location 
Road Location Prior to 
Construction of Building 1662 
Topographic Contour 
(Contour Interyal ;; 5 ft.) 
1972 Elevated 
Contamination Locations 
Approximate 
Site 1 Boundary 

Asphalt Road 

Parking Area 

Building 

Wooded Area 

Estimated Area 
Requiring Remediation 

SITE 1 SAMPLING LOCATIONS 
REQUIRING REMEDIATION 

NAVAL SUPPORT FACILITY INDIAN HEAD 
INDIAN HEAD, MARYLAND 

Notes: 
UnIts are in picocuries per gram (pCi/g). 
J :: Estimated concentratlon 

·0 30 Fest 



Thissectibnii:fentifies, develops, an'd screens: applicable'technolog'ies and processbptions' to' asserrible 

removal actidrf alternatiVes: I(provides a'8e~criptioli '~ndinifialevaliJatlohOf each assembled altehlative. 

Section 5.0 completes the alternativee\l~hJatibn and'r~cbmmendafionwith ai comparison df each 

alternative. 

. '4.1 ID'ENTiFICA'nONOF'REMOVALACTIONALTERNATIVES 
", ~' ;. " 

J:Jnlike organicoontarnin1;lnts (and similar tometals),,raoionuolides, oannot be destroyed orqegraqed. 

Therefore, r.ern.ediation technologies appli~able,to radionuclides involve sep.1;Iration, concentration/volume 

reduction;and/ot immobilization [Federal Remediation Technologies: Roundtable.: (FRTR); ,2.010]' The 

most commonly used treatment technology for radionuclides in soil, sediment, and sludge is 
, 

solie;:lification/stabilj;zation.: However, these technologies would not meetJheRAOj 1;15 the, thorium would' 

beleftonsite land site use restrictions wou Id be required ...... . -'.'. , E:'-" 

';-i 

The; two Jemo\(al,actionalternative~ deVeloped JorJhe N;rCRAat Site) :ar.e' as fOllows:· 

• Alternative 1 - No-Action 

• ·'·'Alter:native· 2- Excavation and OffsiteDisposal: 

; .I;' 

The ,arealexteJ11t of the TRA' shown on'.·Figure '/3-1:is, approximately 1,075 square 'ft(ft2) (I.essthan 

0.0221cte):' Considering construction >excavatioh teohniques and the depth of known contamination at 

2.5Jt, it is 'assumed conservatively that soil from ground 'surface, to 3 ft bgs will be adaressed by the 

NTCRA~Thistotals,3,225cubic'ft;(ft3) or 120,cubic yards (yd3)! .. ;,. 

.4.1.1' Alternative,.11.,..JN6 Action 
, "j., 

The nO-8£tion alternative implies; that no rem~vat work "",ill be co,mpleJed at this. sit~. The site will. be left 
. . . ..' .' .• ,,;, ' ~ 01 . ., !. . ~ _ ~' , . . l " • " , . ' . . •• 

as it currently exists leaving the soil contamination at levels posing potential risk to human health. This 

alternative. provides a baseline for cornp~ril'1g. oth.er al.t~rn<;itive.s~, , Becqus.e no rernov.~laC?tivities will ,be 
, -,..' F - : ',.' ," .". 'l". "'~' - " '" "', ,',' 

implemented, long-term human health risks for the site essentially will be the same as those identified in 
\ 

the SSP Report (Tetra Tech, 2009). . • "1 

,4.1.2 Alternative>2;..;Extavation.'and 0ffsite Disposal" , \." , .' 

. ~ !,' 
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th6riUin-232activitViGOncEirittations'atfi~aAlidual :sampl~"lri~btions ih~{ exceed 'thJ DCG C ici3" piC/g (see 

Section 2.2.5). The alternative will include post-excavation verification samples on the side-walls and C': 
, .. PClttom ofl each excavation ~r~a.,ltis possible ,to. c.ollect pre"excavation CCln,firmation/v,erification samples 
, ':"',' " ',' i - _. ,,'./.:, .- .. ,- .'.' . '. I.' ,0 __ ,_ , -) ~", ,',., , _. ,. • , __ L , .' .' , 

PSlndillg. Te<;lrn approval.$arnples w!llbear1aly:?:~d.f~r tt1qrium.,.2~2nqy alpha l5pectrps,cPPY.' If res,ults 
, -" . _: ""."' .,' , .. , .,' . - _' ~. _ '". " i..-. ,. _. • .. '. , . ' '.- ',.. ",_ _ ' '._' _c ~_. - ' - ,<' ~."; . _''''.',''.". ,. 

Site preparation activities would include mobilization and setup of facilities, installation of erosion and 

sediment controls, clearing of ""',ork ar~9s(j~Qlu,dingdemq!!tic:>n..9f:.anYlasphaltGP)(~r;ir!j):,the exca'{a~ion 

areas}, installation of appropriate drainage controls to the degree necessary to support construction, 

. prEfparation f of" ,radiologicaldecontatriihatiori .equipmel1tand' rn'aterials, ,', and ' preparation ", for airborne 

'radioaCtivity'dwst.supptes'sion. No" specific ·site· clearing:will be required oonsldering currerit site 

,,' conditions Cf'RA is ,fully aCcessible). .,' ,... ,.", 
" -,' ,1, -

Materials that have radiO'activityabove release.c;riteria will be disposed atian NRC.;,licenSedf'8:cility:< Due 

to the relatively low levels 'of activity expected during 'excavation aotivities,. minimaldetontarninatiol"l' of 

heavy equipment will be required to _provide for unconditional release. It is not expected that significant 

amounts of liquid decontamihation waste Would~be 'gerieratedt 'Any waste associated With exci'avation or 

decontamination activities will be~processed and disposed of with the excavated soils. 
"I,) 

Excavated areas will be backfilled:-Wit!"1 clean fill td.;grade'8Rd cseeded with: native grasses (reStoration 

details will be determined during preparation of the RAWP). After implementation of Alternative 2, no 

monitoring or <permanent' controls ',will··be:necessaty' after·the removal ;action,; i,s completed," otheF. than 

verification ofthe're~establishment ofvegetatiol1'.in the;;al1ea:;afterone:growing' season: F:ollowing,re

establishmehtofvegetatiQ,n', site reviews·will':noLbe reqtlirsd-asthecoritaminated media will be disposed 

offsite. Cost assumptions are provided in Appendix C .. The' costestimationass\J.mes full.excavatitih·frbm 

a to 3 ft bgs in the TRA. However, note that cost savings may be realized by not disposing the top 

18 inches of soil at the site (which- are not impacted by thoriul'T)"282}.··'.Ihe~~.soil~.'Goqld be used as 

backfill, which will decrease the need for importing clean fill and decrease the amount of low-level 

radioaCthie waste t()beWansPbrt~d and dispost3d of'~i;~ pern,itt~dfacifity. 

~'4.2' ", ' EVALUATION OFREMOV'AL :ACTION ALTERNATivES " 

Table 4-1 presents the summary of the evaluation of Alternatives 1 and'2. 

The effectiveness of a technology refers' to its dapability, of rem9ying:\the;!?p~cifiG:jtems)ih the volumes 

required, the degree to which the technology' achieves the RAO, and the reliability and performance of the 

. technoiog'yovertiMe;iti8Iudjngprote~tidh' ~f hurilari jhe~itli'~hd th'~'ehVird~:mel1t,cbinpliahce With ARARs' 

: p. i" 
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to the extent practicable, long-term effectiveness and permanence, reduction in the toxicity, mobility or C) volume, and short-term effectiveness. 

c 

The,ease of implementation of a technology refers to the availability of commercial services to support it, 

the constructability of the technology under specific site conditions, and the acceptability of the 

technology to all parties involved (e.g., regulators, public, owner), including technical feasibility, 

administrative feasibility, availability of services, support agency acceptance, and community acceptance. 

For the detailed cost analysis of the alternatives, the expenditures required to complete each measure 

were estimated in terms of capital costs to complete initial construction activities. There are no future 

costs associated with the removal alternatives. The costs estimated are provided to an accuracy of +50% 

and -30%. The alternative cost estimates are in 2010 dollars and based on quotations from potential 

vendors and subcontractors, engineering estimates, recent and ,continual project experience on similar 

Navy projects, and published values by R.S. Means. Refer to Appendix Cfor all cost estimate details 

pertaining to Alternative 2 (there is no cost associated with Alternative 1). 
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Alternative Description 

Alternative 1 

No removal work 
No Action performed. Site left 

"as is". 

Alternative 2 

Excavation and offsite 
disposal of the thorium-

Excavation 232-impacted soils. 
and Offsite Restoration back to grade 
Disposal and re-vegetation. No 

future .actions would be 
required. 

Notes and Abbreviations 

(\. 

TABLE 4-1 

EVALUATION OF NON·TIME·CRITICAL REMOVAL·ACTION ALTERNATIVES FOR SOIL 
SITE 1 • THORIUM SPILL EE/CA 

. NSF·IH, INDIAN HEAD, MARYLAND 

Effectiveness Ease of Implementation 
Capital Cost 

I 
• 1 

This alternative would not be effective. 
Would not meet the RAO, comply with This alternative would be easy to 
ARARs, reduce vO.lume or mobility of implement since there is nothing to $0 
contamination, or provide any short- or long- implement. 
term protectiveness. 

Will meet the RAO and comply with ARARs. 
Moderately Easy to implement, multiple 

Short-term effectiveness is impacted 
general and specialized contractors 

inherently by construction activities. 
could readily perform the excavation, 

Provides the greatest long-term 
hauling, backfilling operations with no 

effectiveness and permanence at the site by 
specialized engineering constraints. 

removing the contaminated soil and placing I 1 

it in an NRC-permitted disposal facility. 
Onlypne contractor/equipment 

$340,000 
Requires no future actions to ge protective. 

mpbilization would be necessary. 
Proper management of contaminated 

Unrestricted Use and Unlimited Exposure 
soils that are excavated and disposed 

(UU/UE) is achieved following I. 
will be require~. Also requires heavy 

implementation of this alternative. Does not 
equipment/truck traffic through base 

reduce the toxicity or volume of 
contamination. 

and immeciiate vicinity. 
I 

. ARAR - Applicable or Relevant and Appropriate Requirement RAO - Removal Action Objective LUCs - land Use CO,ntrols O.&M - operation and maintenance 

Cost 
Post·Removal Site Control (PRSC) 

(~ 
\.~~ 

Total Cost of 
O&Mandior Present Value Alternative 

Pe;;odic (2010) (2010 Dollars) 
Future Costs Future Costs 

$0 $0 $0 

$340,000 
$0 $0 -30% = $238,000 

+50% = $510,000 

J •. ;. 

I 
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5.0 COMPARATIVE ANALYSIS OF REMOVAL ALTERNATIVES 

:? 

This section provides a comparative analysis of the two alternatives presented in Section 4.0 to assist the 
".! ; . ~ . '. _ f ~ 

d~~ision~making proce~~" by which a reh,o~al action'will be sel~gt~d~ln"Sectkin 4.0" these alternaMes 

were evaluated accordihg to their effectiveness (including protectioQ of humanhe~lth' ahd'the 

environment, compliance with ARARs to th~ extent prqcticable,short- .and JOl1g-tenn effectivent3ss, and 

reductio'h 'frf toxicity, ,mobility',! bt Volume), ,eass'Of Ympleme~tati6n (includfhg:f~c~ni6~F 'and Tadministrati,ve 

f~asibi!ity"ayailability. of ~~Nic~~,support~gerjsy:ac;c~PJance, arid community acceptanc~), a,nd cost. ;In 
\ - "-," i . ',' ,,-' " ;" - ' .. ' ,-, . I' ,", .. ' .. - ! 

, th is s~ctipn • the 'a Iternatives, are, q irectlY com par,edfp(eaghof thetnr~'~,fritE3rja,. \: 

Levels of effectiveness were assessed based upon the number of "effectivenesl)q~itefia" that WOUld be 

satisfied by each alternative. The "effectiveness criteria," from the EPA (1993) are identified as: 

• 
• 
• 
• 
• 
• 

Prot~;tiOh of human health 

, Pro~~~tion of worker~during implementation 

Protectionr,of environment 

Compliance with ARARs 
'--'-"' -j'" " 

.,," 1·-.,·, 

Level of treatment a,nd containment expected-
. \ 

Residual effect co~cerFTS 
, .-j' 

j, ::' {/ 

;1', , 

.. ,-. ~ -, . 

;,1, ! '.J'" 

::. . -' ~.l ' ", ~ I) \ ~ :," , I L ,"; 

'" ) 

,LE:lvel~ gf impl.em~ntatJiIi~y' were assessed based upon the number of "implementability criteria" satisfied 
; ,1_;.. /" 'L .: " I ~ , " \" ., 

by each alternative. Evaluation of implementability esseritiaJlyassesses tne tecnnlcal ana:iffiminlstrati"ve"-~~~~~I 

feasibility of compl~ting each task. The "iri1plementabilitycriteria" from the~~PA (1993) 'ar~ as follows:'; , 

• Technical Feasibility Elements 

'Gonstruction/amd;operational con"Sid~ratiqns "" 

·.·Demonstrated.. performance{usefwl life; 

Adaptable to environment conditions , ' 

Contributes to remedial performance 

Can be implemented in 1 year 1'- " 

Availability of equipment, personnel, and services 

A~ailabilify ~(odts'ide laboratory' testing cap~city ana" bffsite treatme'nfanddispesal d3"paCitY, 
I .~;. '_: \. ••• '.', :; --" f:, -',' ,) . -." ." ", -" >~ \ I 

.' Administrative Feiasibility Elements' >.j'. 

091017/P 

Permits required 

Easements nr rights-of-way required 

Impact on adjoining property 

Ability to impose institutional controls 
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5.1 REMOVAL ALTERNATIVE COMPARISON 

:~. i'"; - (: ; 1:' " J" 

Referring to Table,4-1 and the summary t~ble below, the comparison otthe' alternatives is discussed in 
-,)\ -:',: >'. -r':.i'"., : . .' .,:-, fC·-<_:'~r ~!;)) ,)::"", '; ": ",,"" . )', i. \' ;';,.'/ ,j( C'>',', ',\-: . ;;, , ",j' > 

thiSSUDs~ftion."" "'\ ,. 

"r-~-'~~"'~'~"""'~' ~'~';~;'~l_' ~;;'~\(,~'I~;~i'~i\~"~i:~'~r-~~ __ ~'~'~' __ ~~'_' .~.,~;~~i~; __ ~~~";; __ ~~ __ ~~~ 

~cTCRA Alt~rr'l~tiv~;; ,~~~ctiv~,n~,s~"" E:~S,7 Q,f;",; Co~t , , 
", Imph~in~ntation 

Y1'~NOActibn '<,'; L;:' ; ',i>; ,. 

2.- Excavation and OffsiteD'ispc)'sal' ' 

, 5.1 ~1"; 'Eff~ctiv~n~ss: 

No(Effettlve' 

Most EffgdtiVEl 

- ~ 

T 'Ea~y\~';, :' ,,: ; NOCdst'; 

'Moaerately E'ElSy" 1<· 'I" 'Moderate 

-~.' f-; 1, 

- ',: 1": ~-,.' " 

Alternative 1 (No Action) is not effective as it will not meet the RAO and will not comply with ARARs. 

Alternative 2 (Excavation) will meet the RAO by eliminating (via excavation and offsite disposal) pqtential 
-" )'- < ,.":';:' ',;'T: '. " 

unacceptable risk ass~iated with residential exposure to,thorium-impa~ted,soil atthe site and allowing 
, < ~ l ,:' -,. l ;"" :' , . ; ~ .. ~ i -, I , 

for UU/UE. Alternative 2 will comply with ARARs. 
-, '" 

Alternative 2's '5hOrt-termc....ef.fectiveness is impacted b~ potential worker safety issues dui-'irig Standard 

, construction practices and exposure to low-level radioaC:tivitY~clt.lrinQ-the removal,,~ction. Si;i,l~rIY, NSFIH (' 

,pers(;)flflel and the community may_be impacted by the activity. Alternative 2' provides the greatesl long- ~ 

term effectiveness and permanence by physically removing the impacted soil from the site; however, 

offsite disposal \:loes:~~'redJce t~~icit/6r~0Ium~ otthe contamination. Alternative' 2 ~iII h'o(reqUire 

.,' 'f~tl:Jre ~ctio~s t~ re)h~i~l~rotecti~e. '" ", , v, ' 

';,' 

5.1.2 Impl~m~ntation 

Alternative 1 (No Action) does liot involve any removalactivitiesj;makingiHhe;easiest alternative to 

'.'implement." Alternative 2 (Excavation) is consideredrnoderatelyeasy ~to''implemenFisince this' 

construction technelogy.is common industry practice", 

5.1.3 Cost 

Ther,e is-pp S;;p,~~ a~spciated withAl.t\9r.f19tiv~" 1, ,(Np Actio~).($P)'i; Th,e estim9,t;e~. GP~\ ~t Alternative 2 

(Excavation) is $340,000, which is allcapital costs (no future, .. cq~t~). No.Po~hR~rrov9;1, Si~~,Control will 

be required after the implementation of Alternative 2 (NFA). 

, ! , 
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6.0 RECOMMENDED ALTERNATIVE 

This EE/CAwas performed in accordance with current EPA guidance documents for a NTCRA under the 

CERCLA framework. The goal of this EE/CA for Site 1, to identify the RAO and evaluate removal 

alternatives to meet the RAO, was met. The identified RAO is to reduce or eliminate the potential risk to 

human health associated with thorium-232-impacted soil (see Section 3.2.2). After an initial desktop 

screening of technologies, - two alternatives were identified, evaluated, and compared based on 

effectiveness, implementability, and cost. 

The comparative analysis included evaluating the effectiveness, implementability, and cost of. each 

alternative. The evaluation of effectiveness included reviewing the protectivene~s of the alternative; 

compliance with ARARs to the extent practicable; long-term effecth(eness and permanence; reduction in 

toxicity, mobility, or volume; short-term effectiveness; and its ability to meet the RAOs. The evaluation of 

implementability included looking ~t the technical feasibility, availability, and administrative feasibility of 

the alternatives. The evaluation of cost included a review of capital and potential future costs. 

Based on the comparative analysis of the alternatives completed in Section 5.0, the recommended action 

is Alternative 2 - Excavation and Off site Disposal. This alternative meets the objective of the-NTCRA and 

providB-s-1he best balance in meeting the evaluation criteria. 
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APPENDIX A 

ANAL-YTICAL DATA 

AND 

RESRAD MODELING RUf;r 



Thorium· 232 
,. 

Reference Area 
Cqncentr,atiim 

_',t; ~i!l1lples " .. :: pGi/g' 
.y:q~01SB001 ··.·:·.1(1'7 , 

.. , R01 SB002' , <:'1117 . ; 

;. R01 SB003: ;. 0.99 , 
R01SB004j • 3,10 
R01SB005' :1.25 ) 

i 

R018B006 1.02 
R018B007 1.08 

'R01SB008: · '1.25 
'R01SB0091 0.99 
, R01SB010 1:06 

;'R01S9011 1.02 
, "R01SB012: . 1,23 
. R01SB013i · 0,94 
R01SB014, 1.24 

'.' R01SB015 , 1.24 
R01SB016 1.10 ; 

'. R01 8B017' ,·128 
R01SB018' ; .1.18 
R01SB019 0.99 
RG1SB020 1.32 
R01SB021 1.23 
R01SB022 1.18 
R01SB023 _1.28 
R01SB024 1.0S 
R01SB02S 1.14 
RB1SB026 1.28 
R01SB027 1.30 

" . O
·~·\· 

TABLEp.1 

ANALYTICAL DATA 
THORIUM· 232 CONCENTRATIONS 

icSP:E1A THORIUM:SflIH y~' i, . 
~SF.IH. l~pl~N H~AD. M~RYLAND 

'.1 

, -;'.,--" 

Year 
ii"'"' "..,....,..;,.~...""..--.---=Th:-o--:ri:-um-.-:c23:-::2--.-------, 

Year 
Conc;:en~ri!tion 

;~~/T1p'le~. 

2005 
2005::'. 
2005:' 
2005 
2005.'· 
2005 
2005 
2005 ' 
2005 
2005 
2005 ' 
2005, 
200S' 
2005, 
2005 
200S 
200S 
2005 ' 
200S 
200S 
200S 
200S 
200S 
200S 
200S 
2005 
200S 

, Sit~.1 Silmples 
pCi/g Silmple,d.,e C"i 

S01SB001 0.52 200S;,;;' 
S01SB002 0.62 "..2005 ", 

0.64 200S;:,':1 S01SB003 
SQ18B004 .,:.' ·0;S7",:2005' i 

, "s01s900s 
801SB006 
8018B007 
8018B008 
S018B009. 
801SB010 
8018B011 
801SB012 
801SB013 
S01SB014 
S01SB01S 
S01SB016 
S01SB017 
S01SB018 -
S01SB019 
S01SB020 
S01SB021 
S01SB022 
S01SB023 
S01SB024 
S01SB025 
S01SB026 
801SB027 
801sa028 
S01SB029 
S01SB030-
S01SB031 
$01SB032 
S01SB033 
'S01SB034 
S01SB03S 
SO.1SB036 
S01SB037 
S01SB038' 
S01SB039 
S015B040 
S01SB041 . 

0.60 200S 
. ·i. J .. '0. SO; ,.. ,', :,l2005.) .. 

0.66 . '2005' 
0.60 . 200S,' i" 
0.S8 200S[.···· 
4.S7 2005/, I. 
0.60 2005; .. 
0.68 200S 
16.S0 ":2005. ii 
0.53' .. 2005 'I 

0,47 ';'.200S':'. 
0.51 "200S' . 
0.S8 200S'.:; .' 
0.42 2005 I·'" 
0.64 200S· 
0.66 2005 
0.58 2005 
14:30 2005 
0.62 - 2005 
0.62 2005 
0.S2 2005 
0.S2 2005 
0.42 2007 
0.70-2007 
0.68 2007 
3.S3 2007 

28.40 2007 
1.79 2007 
0.61 2007 
0.66 2007 
0.96 . 2007 

, 1.06 2007 
0.68 2007 
3.67 2007 
4.24 2007 
0.72 2007 



TABLE D-2 

·.ANAL YTICAL DATA 
NATURALLY OCCURRINGRAOIOLOGfCALtvlATERIAL (NORM) PARAMETERS 
,""slfE'1-THORIGNi SPILL . 

NSF-IH, INDIAN HEAD; MARYLAND, 
. :.!.! ' .. 

sam'pfe Name 
Si3mple Location 
D~teSaiTiple~ 

S01 SB014'o1 01 
S0188014 
200S{201 

SO~SB0200102 

Matrix';. . . 
Tbpof;Sampled Interval Below Ground Surface(f~et) 
Bbttom6fSam led Interval Below Ground SLirfaCefeet 

;"i n 
R~diological Parametimi(pCiiG) l ';'.: 
ACTINIUM-22:8 ,:1 ;ti',,:; : 

BISMUTH-212, ... : 
BISMt2JTH-214 . , 

L~AD;;212 
LEADl;;114 .: 
PiJTASSIUM-40 
MDIUM-224 ',' , 

Rf\.DIUJM-'228 ' T,_, 

THALLIUM-208 
THORIUM-234 

U- Nofdetec;ted. .. 

',' >. 

.:, 

11.5 . 
8.1 

0.51 .. 
12.3. 
0.46 , 

6.9:?· 
. : 13.6 . 

0.51':" 
-11.5 ; 
3.91'. 

2.2 UJ'" . 
, !l> 

, 

S0188026 
20070117 
",Soil 
! [ 1.5 

,2 

12 
:; 8.7 

'/0.96 
13.1 

,0.84 
8.4 

. 0.96 

4.84 
1.5 U 

;,,' ;, 

; 

iSoil 

"1.5 
2 

",c ... :.,," . 

;,';". ",12.5 
,) ' .. 9.3 

:',; :.0.6 
,:(:c ,13.8 

c ,Oi57 
, , 6.3 

" '. ,," 
, . .0.6 

,':'; 

'. ;"'.:.4.9 
1:2 U 

::\, 
" 

c 

o 
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VVIL.fOXQN~~K S!-lMA~A~X:~IS 

.NSF~~~I~});A~H~rl~~J:~'";L.AND 
, :., ~ l ,; " •. ~ ,,1 : >;: ;" ''.):;, -~ :' ': " :. : 

Adjusted Adjusted 

.' Thorium - 232 Adjusted Rank for Rank for 
Concentration Co'ncentration Reference Site " Sample Source pCi/g pCi/g Rank Area ~amples Samples t 

SOlSB019 SITE 0.42 0.42, 1 1.5 
SOlSB028 SITE 0.42 0.42 2 1.5 2 
SOlSB016 SITE 0.47 0.47 3 3 
SOlSB007' SITE 0.5 0.5 4 4 
SOlSB017 SITE 0.51 0.51 5 5 
SOlSBOOl SITE 0.52 0.52 6 7 
SOlSB026 . SITE 0.52 0:52 ,. 7 7 3 
SOlSB027 SITE 0.52 '0.52 '. ,8 7. 
SOlSB015 SITE 0.53 0.53' .9 

, 
.- '9. i\'···' .' 

SOlSB004 SITE 0.57 0.57 
,. 

10 
, 

10 " 

.SOlSB010 SITE 0.58 0.58 11 12 
SOlSB018 SITE 0.58 0.58 '-'12'" .. , . ',. ',)2. '. :' ·3 . 
801.SB022· '.SITE 0.58 0.58 .13" '0' . i"· • .: .•. ' 12 " 

·SOlS8.006; .: &ITE 0.59 0.59 '0.,' .d·.14 '. 14. ,., 
SOlSeOOQ' SJTE' 0.6 0.6 15 I .16 
SOlSB009 SITE 0.6 0.6 .. ',16 16 3 
SdlSBdl:t SITE 0.6 0.6 17 16 
,SOl$B034 SITE. 0.61 0.61 18 18 
S01$B002 SITE 0.62 0.62 "- 19 20 , 
801S8024 SITE 0.62 0.62 20 20 3 
'$01SB025 'S[fE 0.62 0.62 21 20 
SQ1SB003 SITE 0.64 0.64 22 .' 22.5 

·.&OjSB020 SITE 0.64 0.64 23 22.5 2 
. SOl$B008 SITE , 0.66 0.66 24 25.5 
,SQ1$B021 SITE 0.66 0.66 25 25.5 3 
• SOlSB035 SITE 0.66 0.66 " ~' 26 25.5 
. SOlSB013 SITE 0.66 0.68 27. 28 
cS,91SB030 SITE 0.68 0.68 28 '28 3 
SOl$B(J38 SITE 0.68 0.68 29 28 
.&01SBll29 SITE 0.7 . 0.7 30 '.30 " . , 
S,Ol$B(f41 SITE , 0.72 0.72 31 31 
&01S8036 SITE 0.96 0.96 32 32 

.' .SOl$B033- SITE 1.79 1.79 33 83 ::, ( 
RQ1SB013 REF 0.94 1.94 . 34 34 
RQ1SB003 REF 0.99 1.99 35 36 ", 
R01SB009 REF 0.99 1.99 36 36 3 

, R01SB019 REF 0.99 1 .. 99 , 31. 36. (', 

R01SB006 REF 1.02 2.02 38 38.5 
R01SBOll ,.REF 1.02 2.02 39 3M, .2 
R01SB024 . ·REF 1.05 2.05 40 40" ~ -,-

R018B01Q REF 0 1.06 2.06 41 41.5 
SOlSB037 SITE 1.06 2.06 42 41.5 2 
R01SB007 REF 1.08 2.08 43 43 
R01SB016 REF 1.1 2.1 44 44 
R01SB025 REF 1.14 2.14 45 45 
R01SBOOl REF U7 2.17 46 46.5 
R01SB002 REF .1.17 2.17 47 46.5 2 
R01SB018 REF 1.18 2.18 48 48.5 
R01SB022 REF 1.18 2.18 49 48.5 2 
R01SB012 REF 1.23 2.23 50 50.5 
R01SB021 REF 1.23 2.23 51 50.5 2 
R01$B014 REF 1.24 2.24 52 52.5 
R01SB015 REF 1.24 2.24 53 52.5 2 
R01SB005 REF 1.25 2.25 54 54.5 
R01SB008 REF 1.25 2.25 55 54.5 2 
R01SB017 REF 1.28 2.28 56 57 
R01SB023 REF 1.28 2.28 57 57 3 
R01SB026 REF 1.28 2.28 58 57 
R01SB027 REF 1.3 2.3 59 59 
R01SB020 REF 1.32 2.32 60 60 
SOlSB031 SITE 3.53 3.53 61 61 
SOlSB039 SITE 3.67 .3.67 62 62 

iJllRGJI!$$nlal ·REF 3.1 4.1 63 63 
SOlSB040 SITE 4.24 4.24 64 64 
SOlSBOll . SITE 4.57 4.57 65 \ 65 
SOlSB023 SITE 14.3 14.3 66 66 
SOlSB014 SITE 16.5 16.5 67 67 
SOlSB032 SITE 28.4 28.4 68 68 

O
-'~ 

'. '> 
RANK SUM» 1290.5 1057 

I 

Firs! Round and Second Round Sampling 



'\> i'Ai:«" ",,; "~ . 

.' ,~ ,SIT~"1 ;JAORIUMSPILL , 
NSF-IA,INDiAN 'HEAO;MA'k:YLAND 

.... ,. 

. VALUE = . 

Where:~ g = the number Qf dat'!~roups altied me~suremenjs. 
~ = the number of tIed me"s.urements in theIitigrb.Up,: . 

z = .the (1oO) parGantile ot.'! §u(ndard norman'qjstriQuypn, ';.1 .. 6411"for !l = O.OQ 

;1· ... 
"!(1;I+m t l)2" ='!)jJ\ 

z =' 1.645 

nm 

12 

, !l+m+l ;;68.od. 

= 0.05481 

9l8+1.64:V(90)[(68)~O_0548J 
CRITICAl.: VALyE =1046.64 

REFERENCE AREARANK SUM" 1291.5>CRITldAL VALUE'= 1046.64 ! . . 

, ' , ~ --, -' 

THE NULL HYPOTHESIS IS REJECTED .. 

First Round and Second Round Sampling 

Ii, 

ni; iI·Of .sit~ s~rrples= 41 

m '" # of bac~grQ~nd samples = 27 
'. ,N'''¥.ohQt~1 ~ampl!ls n.+. in" 68 

2. 
:3 

.3 
'3:' 

2-. 
:1 
2 

:' 2 
:i 
2 

'2 

3. 

0.00134 
'0.00535 

:0.'00535 
6:0(J535 
d.()0535 
o.oahi 
0;00535-

0.00539 
0.00535 

'0.001.34 
• .,:,'0.00134 

<"0.00134 

!9·00131 
'0.00134 
0.do134 
0.'Oa134 

• 0.0,0$35 

.. L~' '0.05481 

C'j 

c 

"."' 
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Summary : Indian'. Head DCGL 3 pCil\( 

"11h~/2007 09:24 Paqe, 2 

~~te: Indian Head 3 'pCi'. RAD 

Dose Conversion Factor (and Related) pararne~~r Summary 

File: FGR 13 MORBIDITY 
'.I.'" ';\ 

1 
Menu I Parameter 

1 
B-1 Dose conversion factors fox: l.Dhalation, mrem/pcl: 
B-1 Ra-228+D 

B-1 Th-228+D 

B-1 Th-232 

0-1 Dose conversion factors._ for" i~estion, mrem/pCi: 

0-1 Ra-228+0 

0-1 Th-228+0 

0-1 Th-232 

0-34 Food transfer factors: 

0-34 Ra-22B+D ,plant/soil concentration rad.o, dimensionless 

0-34 Ra-228+0 , beef/livestock-intake ratio, (pCi/kq) /.(pciid) 

0-34 Ra-228+0 milk/livestock-intake ratio,' '(pCi/L)1 (pCl/d) 

0-34 

0-34 Th-228+0', plant/soil concentration ratio, cU.menslonless 

0-34 Th-228+0-, beef/livestock-intake ratio", (pCi/kq) / (pCi/d) 

0-34 Th-228+0 ,milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

0-34 

0-34 Th-232 

0-34 Th-232 

0-34 Th-232 

1 

, plant/soil concentr~tion ratio, d~ensionless 

, beef/livestock-intake ratio, (pCi/kq) l(pCi/d) 

, milk/livestoqk-intake ratio, (pCi/t)/(pCi/d) 

0-5 I. Bioaccumu1ation factors, :fresh water, L/kq: 

0-5 1 Ra~228+D , fish 

0-5 1 Ra-22,8+0 , crustacea and mollusks 

0-5 1 

0-5 1 Th-228+0 , fish 

0-5 1 Th=22~TD , orustacea and mollusks 

0-5 1 

0-5 I Th-232 ,fish 

0-5 1 ~h-232 ,crustacea anq mQllusks, 

*Base case means Oefault.Lib w/o Aasaciate Nuclide contributions. 

r Current 1 Base I Parameter 

',I Value I .. , Ca,se* 

r 1 

I 
J 

Name 

1 I 1 
1 S.078E-D3 1 4.770E-03 

I 3.454E-01 1 3.420E-01 

1 1. 640E+OO I 1. 640E+O,O 

I DCF2 ( 1) 

I DCF2( 2) 

3) I DCF2( 

1 1 
I I 
I '1.442E-03 1 

I 8.086E-04 I 

I 
I 

1.440E-Q3 I OCJl"3.( 
3.960E-P4·I'RCF3( 

1 2. 730E-03 I 2. 730E-03",1 

I 1'1 

11 
2; 
3) 

,~' \" . 

I 1 .,1 ;;1 

I 4.000E-02 14.000E-02 L RTFL ,~(1) 
" 1.000E-03 ,'1. OOOE~03 1 RTF ( 1(2) - :"( , 

'I 1~000E;-03. I. 1.0011E-03 I RTF ( 1,3) 

1 I I, 
I 1.000E~03 1.000E-03 I RTF ( 

RTF ( 

RTF ( 

2,1) 

2,,2} 

2,3) 

1 1.000E-~4 1.000E-04 I 

I 5.000E-06 5.000E-06 I 
I 
I l.OOOE-03 

I 1.000E-04 

I S.OOOE-06 

I 
-I 
I 5.001lE+01 

1 2.500E±0L 

1 
I 1-.-OOOE-+il2· 

I 5.000E+D2 

I 
I 1.000E+02 

1 5.000E+02 

1.00~E-03 RTF ( 3(1) 

1.000E-04 RTF ( 3,2) 

S.OOOE-06 RTF ( 3,3) 

5.000E+Ol BIOFAC( 1(1) 

2.500E+02 BIOFA<;( 1,21 

1.000E+02 BIOFAC( 2,11 

5.00~ET~ BIOFAC( 2,2) 

1.000E+02 BIOFAC( 3(1) 

S.OOOE+02 BIOFAC( 3,2) 

( 
\. 
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RESRAD, Version 6.3 T~ Limit = 180 d~ys 

Summary : Indian Head DCGL 3 pCi/g 

I,V16!2007 09.:.~.4 ,rage 3 

File: Indian Head 3 pCL,RAD 

• ,Si te-Specific,Pa:';aJ)leter Summary 

r User 1 / Used by RESRAD 

Menu parameter / Input I Defalllt, j, ,(If different fl:omuse~ input) 

ROll 

ROll 

ROll 

ROll 

ROll 

ROll 

ROll 

ROll 

, ROll 

ROll 

ROll 

ROll 

ROll 

ROll 

R012 

R012 

R013 

RP13 

R013 

R013 

ROl3 

R013 

R013 

ROl3 

ROl3 

ROl3 

RO'l3 

ROl3 

R013 

ROl3 

R013 

ROl:l 

ROl3 

ROl3 

R014 

Roi4 

R014 

RO 1"4, 

R014 

R014 

Rp14 

R014 

R014 

R014 

R014 

R015 

I )frea 'of conb"minat~d zone' (m,**"2) 

I' 
I 
/ 
/ 
/ 
/ 

Thickness of contaminated zcm.e, bn) 

Length parallel to aquifer f,low . (mj 

Basici:ii.diation dose lirn:i.b(~rem(yr) 
Time. since placement of rnateriai (yr) 

Times' for calculations' (yr) 

Times for calculations (yr) 

/ Times for calculations (yi) 

/ 
/ 

Times for calculations (yr) 

Times for calculations (.yr) 

/ Times for c~lculations (yr) 

Times for caiculations'!(yri" oJ' 

Times for calculations i(ir) 
.I 
/ 
/ Ti:ni~~ i~l:: dalculations(yi) 

J 
/ Initial principal ;adiohuclide (pCi/g):' Th-232 

1 Concentration in groundwater ,(pCi/L): Th-232 

1 
/ Cove~ qepth (m) 

/ 

/ 
/ 

/ 
/ 
/ 
/ 
/ 
I 
/ 

. 
Density of cover material ,(g(cm'*3) 

Covet depth erosion rat~ '(ml.yr) 

DensitY'of"'dontaminated zo~e' (g/cm'*3) 

Contaminated zone erosion· rate (m/yr) 

Ccmtaminate9- ZOne total, p?~osity 

contfminated zone fie+dcapacity 

contaminated zone hYdra'!J.:lc. c?n~;;ct~:vit~ 'i;Y~) 
Contaminated zone b parame£~~ 
Ave~~ge:' ~:rinua~- wind spe~d _'_'(.m;~ec;:j t 
Humidity ill'air (g/m**3)" .' 

I Evapo~.ransp~xati:-on.~coefficient '., 
/ precipitatioQ (m!yr) 

/ Ir:cigation (m/yr) 

/ Irrigation mode 

I Runoff coefficient 

/ Watershed area fo~ nearby 'stream or 'P~~d (m**2) 

/ Accuracy for w~ter/soil 'co';'putati9ns 

,I 
/ 
1 

Density ,of' sat:U:';at~d zon~(~/cm**3) 
Satura,ted zone total porbsi ty 

I Saturated zone effective" P9~o~i,ty 
/ Saturated' zone field cap~city 

/ Saturated zone hydraulic' C~~d~ct~vity '(;;;/yr) 

/ Saturated zone hydraulic. gradient' 

I Saturated zone b parameter ,r,:, 
1 liIater ,table drop rate (m/yr)' 

/ Well pump intake depth (~~elh'; wate~ tabl'~) 
1 Model,' Nondispersion (ND) 6r Mass:':~ala~c~ (MB) 

/ Well pumping rate (m**3!yr) 

/ 
/ Number of unsaturated zone st~ata 

I /. / 
/ 7.525Et02 / 1.00.oE+04 / 

/ 1. 50.oE-0~ / ~,QQQEt.oq L 
/ 1.0.o.oEt02 / 1.D.oOE+92'1 :,' 

/ 2. 500E+Ol / ~. D.o.oE+O.1 / 

/ O. OODEtOO / O. DO.oiltO,O I 
I 1. OOOE,tO.o /, 1.0DOEtOO / 

/ ;LO,OOJ;l+O.o / 3.DO.oEtP;.o,/ 

/ 1.0.oOEt.o·1 / 1. O.o.oEtOl / 

/ 3. O.o.oEtOl/ 3 • .oOOE~01 .. J 

/ 1.D.oOEtD2 / 1.DOPEliP,2!.:, 

/ j. O.oOEt02 / 3. DO,QE.:t.02 1. 
/ 1. D.oOEt03 1 1. 000Et03 J 
/ not used . 1 D. OOOEtOD / 

/ not used .o.OOOEtOO / 

1 / 
13.O.oOE+00 0, OOO~tOO ,I 
/ not used O. 00 OEtOO, L 
/ ' ' / 
/ o. O.oOEtOO o. OOOEtO,D, ,.,;." 

/ not used 1. 50'OEtDO I, 
/ not used 1.000E-03 / 

1 1.500E+.oO 1.500EtOO / 

1 1, o ()OE-:O 3, ,~.OQDE::,03. I., 
/ 4. OOOE-Ol 4. ODOE,.01 /, 

/ 2.000E-Ol 2.00qE,\01 / 

I 1.DODEtOl 1. o.OOEtOl,,/ 

/ 5.300EtOO /-5.300EtDO / 

/ 2.DOOE+DO / 2.00.oEt.oO r 
/ not used / 8.DOOEtDD / 

/ 5.000E-D1 / 5.000E-Ol / 

/ 1.DO.oEtOO 1.,J,.g,OQEtOD) 

r 2;O.o.oE-01 /'2.00DE-Ol/ 

f overhead .1- overh~ag 1 
r 2. DOOE-Ol/ 2. D,OPE-fll, I 
'1.00DEt06 

1,000E-03 

l.500EtOO 

4.000E-Dl 

2 • .oOOE-.ol 

2.000E-Ol 

L.o.oOEt02 

2 • .o.oOE-02 

5.30.oEtOO 

1.000E-03 

1.0DOEtOl 

NO 

2.500Et02 

i 

/ 1. DD6J;),tO~1 

T-'-t·1l00El-D~ / 

/ / 
L 1. 50~EtOD I 
I. 4. 000.E-01 I 
( 2.00DE-01, 1 

12 . .o.oOI!l-01.1 

/ 1. O.o,oE+02 /; 

If· D:O.oE,;,02 I 
/ ,~. 3,DOEtO? /, 

I 1.0~ql!l-03 / 

/ ~.09.oEtDl I, 
/' ~D / 

/ 2.500E+D2 / 
/ ,," 'I, 
/ 1 ;" 

':,/ ---

"," . 

Parameter 

Name 

AREA -

THICKD 

LCZPAQ 

BRDL 

TI 

T( 2) 
T{ 3) 

T( 4) 

T( 5) 

T( 6) 

T{ 7) 

T{ Bl 

T( 9) 

T(lO) 

SI( 3) 

WI( 3) 

COVERO 

DENSCV 

VCV 

DENSCZ 

VCZ 

TPCZ 

FCCZ 

HCCZ 

BC'Z 

WIND 

HUMID 

EVAPTR 

PRECIP 

RI 

~DITCH 

RUNOP:I!" 

WAREA 

EPS 

DENSAQ, 

TPSZ 

EPSZ 

FCSZ 

HCSZ 

HGWT 

BSZ 

VIIIT 

DWIBWT 

MODEL 

UW 

I NS 
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File: Indian Head 3 pCi,RAD 

Site.;.speciHc' Parameter SW!II\Iary (continued) 

I 
'Menu I, 

I 
R015 I 
R015 I 
ROl5 I 
R01S I 
R015 1 

'R015 I 
,ROIS I 

I 
R016 I 
R016 I 
ROl6 I 
ROl6 I 
R016 I 
R016 I 

1 
ROl6 1 
ROl6 I 
R016 I 
R016 1 

ROl6 I 
R016 'I 

I 
R016 I 
R016 1 

R016' 1 

ROl6 1 

R016 I 
ROl6 I 

-i
Ron I 
Ron 1 
R017 1 

R017 I 
ROl,) I 
Ron I 
R017 1 

ROl7 I 
R017 1 

Ron I 
ROl7 'I 
Ron I 
R01,) I 
ROD I. 

, R017 I 
R017 I 
R017 ,I 

,Ron I 
'Ron I 
; R017 I 

R017 1 

1 

Pa.tameter '.I 

Unsat. zone 1, thickness' (mf 
Onsat. zone 1, soU density "(g/cm*~3i 
Unsat. 'zone -1, total porosity 

Unsat. zone 1, effecti1fe porosity 

Unsat~ zone 1, field capa2it'y' 

Unsat. 'zone 1, sOil-specific(b 'par~et'er' 

Unsat. zone 1, hydraulic coildu'ctivity (m/yr) 

Distribution coefficien't.ifo'r Th':'232 

Contaminated z':'ne (cni.':3'lgj 

Unsaturated zone 1 (ck**3"/g-) 

Saturated zone (cm**3)g) 

Leach rate (/yr) 

Solubility constant 

Distribution coeff.l:cients' 'for ci~t1ghterRa.-22B 
Cpntaniinated zone (Cm**3/g·, .. ··1 '; 

Unsaturated zone 1 (em •• 3/g,) 

Saturated zone (cm**3/g'j')' 

Leach'rate (/yr) 

Solubility constant 

DiStribution coefficients for'claughter Th~22B 
i' , ,;", 

Contaminated zone (em·.J/g) 

Unsaturated zone 1 (~.*3N) 
Saturated~zone (cm**3/gi" 

Leach rate (/yr~ 

Solubility;-constant 

Inhal-a1>-ipn'rate (m·*3/yr) 

Mass loading for inhalation (~/m*.3) 
.Exposure duration . . 
Shielding factor, inhalation' 

Shielding factor, exter-n~-l' gamm" , , 
Fraction of time spent i'ndoors 

,_', : ; , .\\1,;",'. ,.; 
Fraction of time spent outdoors (on ~ite) 

S!>ape factor flag, e"ter~al gamma 

Radii ~f '.shape factor arra'-'i (~s;;d 'if FS = -1) : 

Outer annular radius (m)/~i,ig' 1: 

Outer annular radius (;"), rip,g 2:' 

Outer annular ,radius (m),"ring 3: 
Outer annular radius (in),' i.i-;"'~;" '4: i 

outer annular radius (m), rin,q'" '5 : ' 

Outer "annular radius (in)', rin~T. '6: 

Outer annular, radi'15 (111), ri;;'~" 7: 

Outer annular radius (m);' r.i~g' '"s,: 
Outer'annular radius (m), ring 9: 

Outer arinular radius (rlt),'ring'10: 

Outer annular radius (m), ri~g 11: 

'Outer 'annular radius (m), ring 12: 

," L 

User I I, !lsed by RESRAD, 

Input I Default I (If diff~rent: f"Rm \1l1l>.'f ,;i.nput) 

I I 
4.000&+00 I 4 .OOOE'+OP' I 

:'- > :.~. 

1.500E+00 I '1. SOOE+OO I 
4.000E:-01 1 4.00~E-Ol,'·1 "., 

2.000&-01 I 2.000E-01 i 
2.000E-01 I 2.boOE-ol 1 

S.300E+00 1 S.300E+00 1 

1.000E+01 I 1.000&+01 I 

6.000E+04 

6.0001;:+04 

6.000E+04 

O.OOOE+OO 

O.OOOE+OO 

I I 
I 1 
I 6.000E+04 1 

I 6.000E+.o4 I 
I 6.:000E+041 

1 0., OOOE+PO 1 

I O. OOOE+OO I 

I"" ,..1,.,,,, 
I J 

7.000E+0'1 I 7. OOOE+Ol I 
7.000E+Ol I 7.000E+01 I 
7.000E+Ol 17.000E+Ol I 
O.OOOE+OO , O.O?O~~OO I 
O.OOOE+OO ,I O.OOOE+Oa I 

1 'J 
I' I 

6.000E+04 I 6.000E+04 I, 
6.000E+04 1 .~:.g;~oi~~1 J' 

; G:ojJOE-i-b~1 6.000E+04 ,I 
O.OOOE+OO 1,0.;,000&+00. I, 
O.OOOE+OO I O.OOOE+OO ( 

8.400E+03 

1.000E-04 

3.000E+01 

4.000E:'01 

7.000E-01 

I 1 " 
I 8.400E+03 I" 
I 1.000i!:-04 I 
I 3.000E+01 I 
I 4.000E-01 I 
, 7.000~-P1·1 

I 5.000E-Ol J 
12 .'500~~Ol. I 

! -~ I' . 

,Je, 

3,. 70~E-~:;, ' 

nat used 

3,16SE-Q2 

nOr. u~~~· 

.3.?,04E.,0!? 

nqt_~~c1 

-1-S.00'OE-01 

I 2.500E-Ol 

1 1.0QOE+00 

" 

I 1. OOOE+OO J. 
1",,1 1 

>O,sho),s circll1.ar /lREA. 

1 not used 

I not used 

I not used 

I not ~~"'d 
1 not used 

1 not used 

, not used 

I not~s';d 
I n~t us~d 

,I not used 

I not' used 

I not used 

1 

I 5. 00,OE+011 

1 7 :071E+01 I 
I o. OOOE+OO L 
fra .oo.?~~OO "( 

I O.OOOE+OO J 
1 O.OOOE+OO I 
100·000E+00 I 
I "ti.OOOf:+OO I 
y'o'.;~'OIlE+OO I 

O.OOOE+OO 1 

o . OOOE+OO ,I 
O.OOOE+OO I 

I 

parameteC\" , I 
Name ' .. 

H(l) 

DENSUZ(1) 

TPUZ (1) 

EPUZ (1) 

FeUZ(l) 

BUZ(l) 

HCUZ (1) 

DCNUCC( 3) 

DCNUCU( 3,1) 

DCN!JCS ( 3) 

ALEACH( 3) 

SOLUBK( 3) 

DCNUCC( 1) 

OCNUCU ( 1,1) 

OCNUCS( 1) 

ALEACH( 1) 

SOLUBK( 1) 

,DCNOCC( 2) 

1- OCt/OCU ( 2,1) 

IOC--NOCS ( 2) 

I ALEACH ( 2) (~-

1 SOLOBK ( 2),,--
I 
1 INHALR 

, MLINH 

I ED 

I SHn: 
I SHFl 

I rIND, 

1 FOTD 

I FS 

1 
1 RAe_SHAPE( 1) 

I RAD YHAPE ( 2) 

1 RAD_SHAPJ;:( 3) 

I RAe_SHAPE( 4) 

I RAD_SHAPE( 5) 

I RAD_SHAPE( 6) 

1 RAD_SHAPE( 7) 

1 RAD_SHAPE( B) 

1 RAD_SHAPE( 9) 

1 RAD_SHAPE(10) 

I RAD_SHAPE (11) 

I BAD_SHAPE (12) 

I 

r,'.'.-,··-".'.\ 
V 
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Summary : Indian Head DCGL 3 PCi/g 

I 
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File: Indian Head 3 pC:;' .RAD~ 

I User I I Used by RESRAD 

Menu I p'arameter I Input I Detaul!;: , L (If different from user input) 

R017 

ROl7 

ROl7 

R017 

R017 

R017 

R017 

ROl7 

R017 

R017 

ROl? 

R017 

R017 

I 
Fractions of annular areas withi'; AREA: 

Ring 1 

Ring 2 

,Ring 3 

Ring 

Ring 5 

Ring 6 

Ring 7 

Ring , 8 

Ring, 9 

Ring 10 

Ririg II 

Ring 12 

II I. 
I I ",,;:I 
I not used I i.oP9)\:+oO,,1 

I not l.\sed ,I 4. 73~1il~Ql .1 .' 
I not used I ,q.,OQQE+OO;,I 

I not tlSed ",I Q .OOOE+OO 1 ' 
I, not used ,I Q " OOOE-l,OO I 

I not u~ed,J ° .OO,O~+Q,o I, 

I l'0tu~ed 0 ~,oOOE;t,QO ):' 

I not used, O.OQOE+QO) 

I qat used O.OOOE+OO I 

I not used a.OOOE+OO I 
I not used O.OOO~+OO I, -. : ' 

I not used O,.OOOE+OO L 
,I I 

ROlB Fruits, vegetables and grain consumption (kg/yr) I 1. 600E+02 1. 600E+0,? I 

R018 Leafy.'vegetable consurOpiio~ :b~g/yr) I 1.400~~Ol 1,.~O?Et~.~ "1, 
ROlB Milk consumption (L/yr) I not used 9,.200E;;t01. I 
ROlB Meat and poultry COnSUIllP3:;i.on ,!kg/yr) I not us'eq, J 6c3001ii,+011 

ROlB I Fish consumption (kg/yr) I not used I 5,. ~Oo,E:t09' i 
ROlB I Other seafood consumption (kg/yr) I, not used I 9.0,Y9,E)~01,1 

ROlB I Soil inge.tion rate (g/yr) i 3.650E+Ol I 3.6500:+01 I 

ROlB I Drinking water intake '(L/yr) 'J 5:100E+02 15.~00E+Q21 

'ROI0 I Contamination fraction of drinking water " i.ooo~+(jo i,1.00QEt90 I 
ROlB I COl'itaininati.an fraction of household w~t~r I not used' I 1. OOOE+OO I 

R01B I Gontainlnation fraction of 'livestock, wate'r I not us.ed I 1.000E+00- I 

ROlB I Contamination fraction: ~f ii.rigati'o,; ';ater I 1.000E+00 I 1.000E+OO I 
.ROlB 1 contamination fraction of. aquatic 'food I not used I 5.000E-Ol I 

ROlB I Contamination frac;tion of' pl;;nt fo,od 1-1 1-'1 I 
ROlB I Contamination fraotion of meat I not used 1-1 I 

ROlB I Contamination fraction' of inilk I not used 1-1 I-
I I I I 

ROl9 I Livestock fodder intake for meat (kg/day) I not used I 6.800E+Ol I 

ROI9 I Livestock fodder intake for milk (kg/day) I not used) 5.500,E+Ol I 

R019 I Livestock wate:':- i~take for me~i (L/day) I nOj:, us~d I 5.0QO~tql I 

R019 I Livestock wat~r intake f~:;' iriii'k ,(L/da:.;-) I not used I 1. 6q?Et~ I 
R019 I Livestock soil -i-rttake (kgiday) I not used L 5.000E-Ol L; 
ROl9 I Mass loading for foliar depcsition (g/m**3): I I,OOOE-04 I ~,.OOOE-04 I, 
R019 I Depth of soil mixing liiy~r(m) I i:5~0I;:-01 L 1.S00E-Ol , 

R019 I Depth of' roots (m) I 9. OOOE"O* I ~. OOQ~:-,Ol L 
ROl9 I Drinking waterfractio,", from 9ccound water I 1.000E+QO i 1. OOQEtOO I 
ROl9 I Household water fraction" fr,!m 'ground water I not used I 1. OOOE+OO ,I 

ROl9 I Livestock water fraction from"ground wat~r I not used I 1.000E+00. I 
R019 1 Irrigation fraction fl:<im gr';~nd '~a\,-er, I 1.0,00E+00 I 1.000E+OO I 

I I I, ,I. 
1'\19B 1 Wet weight Cl:Op yield fOl: ,Non-Leafy (kg/m**2)' I 7.000E-OI I 7.000E-Ol J 
Rl9B I Wet weight crop yield for Leaf~' (kg/mH 2) I 1.500E+00 I 1.500E+0.O I 

R19B I Wet weight crop yield ~or,Fodd';r (kg/m**2) I not used:, I 1.l,OO,EtOO I, 
Rl9B I Growing Season for Non-Leafy (years) I 1.700E-Ol I 1. 700E~OL I 
R19B I Growing Season for Leafy ,(years) I 2. 500E-Ol I 2. 500E,7'OI.,l 

R19B ,I Growing Season fOl: Fodder (yeal:s) I not used I B ;000E-02 I 

R19B I Translocation Fac,tol: for Non-Leafy, I ,1.000E-OI I 1.00?E,.01 I 

\ 

O. 376EtOQ. 

( 

Parameter 

Name 

FRACA{ 1) 

FRACA{ 2) 

FRACA{ 3) 

FRACA ( 4) 

FRACA{ 5) 

FRACA{ 6) 

FRACA{ 7) 

FRACA{ B) 

FRACA{ 9) 

FRACA(10) 

FRACA(l~) 

FRACA(12) 

DIET(l) 

DIET (2) 

DIET (3) 

DIET(4) 

lllET(5) 

DIET (6) 

SOIL 

OWl 

I--YDW 

I FHHW 

I FLW 

I FIRW 

I FR9 

I FPLANT 

I_ FMEAT 

I FMILK 

I 
I LFI5 

I LFI6 

I LWI5 

1 tWI6 

I LSI 

I'MLFD 

I DM 

I DROOT 

I FGWDW, 

I FGWHH, 

I FGWLW 

I FGWIR 

I 
I YV{l) 

I YV(2) 

I YV(3) 

I TE{l) 

I. TE(2) 

I TE(3) 

I TIV{l) 
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RESRAD, Version 6.3 T'> Limit '= faa days '11/16/2007 09:24' Page 6 

SUII1IIlary : Indian Head DCGL 3 pei/g" File: Indian He,ad 3 pc.!.. RAD 

1 
"!(enu , , 

RI9B , 

RI9B t 
Rl9B , 

Rl9B " 

Rl9B , 

R19B , 

Rl9B , 

RJ.9B 1 
Rl9B , 

1 
CI4 I 
C14 1 
C14 , 

Cl4, 1 
Cl4 , 

C14 1 
C14 1 

CH. .1 
C14 1 

C14 1 , 
STOR I 
STOR 1 
STOR 1 
STOR , 

STOR I 
STOR I 
S:t'OR , 

STOR r 
STORI, 

STOR I 
I 

R02l , 

R02l r 
R02l I 
R02l , 

R02l I 
J1.021 I 
R02l 1 
R02l , 

R02l 1 

R02l I 
R02l I 
R021 r 
R02l I 
ROZI r 
R02l r 
R02l r 
R02l , 

I 
TITL r 
TITL r 

, Sit~-Spe'cific 'pa;'amef,,~ Summary (continued) 

Translocation Factor for Leafy 

Transloqation Factor fo!:' F6ilder 

Dry Foliar 1nt!>rcep~i6n "tr,,;;tio;:' for Non'-r.eafy 

Dry Foliar Intereeption:'Fracti6h for Leafy 

Dry Foliar Interception 'Frac:t£on for"" Fodder 

Wet Foliar Interception 'Fiactiort for 

Wet Foliar Interception 'Fiachort for 

Wet Folia>: Interceptidn Fracid.6ti for 

N6n-Leafy 

tea-hi 

FOdder 

Weathering Removal Corlst;;;';:{ 'for' Vegetation " 

C-12 6oncentration in water '(9,/';"**31 

C-12 concentration in'contamiri.ated soil 

Fraction 'of ve~etatiod carbon 'from s~il 
Fraction of vegetation c~rbbn from air 

C-14 eva~ion layer ,thick'nesll 1n soil (m) 

C-14 evasion flux rate f';0,,(s011 (1/see) 

C-12 evasion J:lux rate: froh(so:l.l (1/sec) 

Fraction of grain in beerc;;'hie' feed 

Fraction of grain in milk';b~w:feeci 
DCF correction factor for': 'gi.~:~'c'-u~ ;forn:~' of C14 

Storage times of contal.u.i.'ii t~d. 'fOOd;stUffS ~ days) : 

Fruits, non-leafy vege'i:iilile~; an'd grai;" 

Leafy vegetables 

Milk 

Meat and'poultry 

Fish 

,husta'ce.i arid mollusks 

Well water 

Surface water 

Livestock fodder 

',;-

Thic~ness of building tou~ci~1::l.6n' (m) 

Bulk density of bullduigf(;Unci~tion (9/6m**3) 

Total paras i ty of, the cov'i,'r' n\i;'teria-l 

Total porosity of the buiidin'g;foundatio~ 
Volumetdc water ,content of 'tll~' cover'ma:terial' 

Volumetric water .conterit 'of:,"the <fo~n~tiC;~' 
Duifusioil coefficieotto';raaan gas (ni/~:e,::j: 

in cover material 

in foundation material ;,1,: 

in cciiltaminated zoo';, Is';£l 

Radon vertical, dimension "if 'mixing (ni) 

Average building air' exbh,ange rate' (l/hr) 

Height of the building '(room) (m) 

Building" i,nterior a,rea 'fact';,,' , 

Building' depth below groU~d'~ur'face, (m)" 

Emanating power of Rn-222 'gas 

Emanating power of Rn-220' 'gas' 

Number of graphical time p~iIlt~ 
Maximum nuIDber of integration points for dose 

1 User' J Used by RESRA? 

1 Input 1 Default,J J1,f different, fr\lIl1.,user input) 

',i.. 1 
I 1. OOO,E+OO I 1. OOOE+OO , 

r not used 1 1.000E+00 I 
r 2. 500E-Ol' , 2. 500E~01 1 

I 2. 500E-01 1 2.,SOOE-Ol r 
, not used 1 2.500E-Ol I 

I 2.500E-Ol I 2.500E-OI I 
I 2. 500E-Ol 1 2. 500E-Ol 1 

1 not used ,2.S00E-01, 

I ,2. OOOE+Ol , 2. OOOE+01 1 

1 r I 
, not used I 2.000E-05 I 
I not used I 3.000E-02 , 

, not used I 2.000E-02 r 
, not used '9.~OO~=Ol I 
, not used 1 3:~~O~:-Oi ,I 
, Dot used I 7. dOOE-O? I, / 

1 not use\!, I 1. OOOE-lO r , 
I not used r a ;600E-Ol ,I, 
, not used I 2. OOOE-Ol I. 
I not used ,0. OOOE+iio i' 
r II ," 
1 r' I. 
I 1.400E+oi r 1.4011&+01 I 
I 1. OOOE+OO 11. 000&+00 r 
I 1.OOOE+OO{ i.'QDOE+O.o I 

I 2.000E+Ol','2.00dE+Ol I 
I 7. OOOE+OOI 7. oooi+oo r 
I 7-;--OOOE+OO J 7. OOOE+O() I 0 

I I, OOOE+OO 1 1.000El+00 I, 

I 1. OOOE+OO , 1.000E+OO, r 
1 4.500E+01 , 4.500E+Ol'l 

IJ- " , 
I not u,ied ' J 1.500E-OJ. 

I not used 12. 40'iJE+00, r 
I not used j dOO~~l I 
r not used I 1~OOOE-01 , 

I not us~d 15. 000E~02 , 

I not used 1 3.0QOE-02" 

I r I 
1 not used f 2 .. 000E-06 1 

I not~sed "13. OO~E-07 I 
, not {;sed i 2. 0,00E-06, i 
I not used ,2.000E+OO I 
I not used, , 5. OOOE-Ol, 

L not used i 2 ~5,~dE~OO i 
I not used '0 .OOOE+OO I.. ' 
" not used, ,-I. .oOOE+OO ' I " 00 

, not usedJ i 2 .500E'::Ol ,I 
I not used L 1. 500E-Q~ , I 
I r I 
1 32 ii' 
I 17' ., 

'";', 

,) 

"." '.; f.' ;, ~ 

I paramet(',--' 

" Name ' . , , 
1 

1 

I 
I , 
, 
, 
I 
r 
1 
I , 
I 
r 
r , 
, , 
I 
I 
r 
1 , 
I 
r 
r 
I 
I , 
1 

I 
1 

I 
I 
I , , 
r 
I 
I 
r 
r 
I 
1 

r 
I 
r 
I 
r 
I 
1 

TIV(2) 

TIV(3) 

RDRY(l) 

RDRY(2) 

RDRY (3) 

RWEiT(l) 

RWET(2) 

RWET(3) , 

C12WTR 

C12CZ 

CSOIL 

CAIR 

DMC 

EVSN 

REV.8N 

AVFG4 

AVFG5 

C02F 

STOR_T(4) 

STOR_T(S)'C-' 

STOR_T(6) 

~(7) 

STO~T(9) 

FLOORI 

DENSFL 

TPCV 

TP!'L 

PH20CV 

PH20FL 

DIFCV 

DIFFL 

DIli'C~ 

HMIX 

REXG 

HRM 

!'AI 

DMFL 

EMANA(ll 

EMANA(2) 

NPTS 

LYMAx 
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RESRAD, Version 6.3 T~ Limit ~ 180 d~ys 

Summary: Indian Head DCGL 3pCi/g 

lJ/16/2007 .O~:2~ . page? 

File: :):ndian Head 3 p.Ci. RAD 

Site-S~eci~ic Parameter Summary ,(continued) 

Menu 

TITL 

Parameter 

Maximum number of integration points for risk 

) , '.' 

sWwnary' of' P·"l:h"":y Selections 

Pathway I" 'User Selection 

I 
extern.l:1ganima ",. I active 

inhalation ("I/o radon) I ac~ive 

3 plant ingestion 

4 ~- meat ingestion 

5 -- milk ingestion 

6-,-",,;' aquatic'.foods J 

7 drifiJtlng water 

soil ingestion 

9 "radon .' 

Find peak pathway doses 

I 
I 
I 
I 
I 
I 
I 
I 

active 

sup~~eaBed 

suppressed 

,s~pp~essed : 
'active. 

active 

~~ppreS~~d 
active 

User I I Used byRESRAD 

'Input I Default I (If different 'from user 

I I ,,' i';: 

257. I I 

Parameter 

input) NllI1le 

KYMAX 



R&SRAD, Version 6.3 

Surnma:t:y : Indian Head DCGL 3,pCi/q, 

Contaminated Zone,Q:i,mensions 

"'lea: 7.52.49 s~re meters 

Thickness: ,,0.15 :met~rs, 

Cover Depth: 0.00 meters 

11/16/2007 '09: 24 Pa,ge 

"File: Indian Head 3 pCLRAD 

Initial 'Soil 'Concentrations, pCi/g 

Th-232 3.000&+00 

""'-

Total Dose TDOSE(t), mrem/yr 

Basic Radiation Dose Limit = 2.500E+Ol mrem/yr 

Total Mixtu:t:e Sum M(t) = Fraction of Basic Dose Limit Recei'll'ed, a\',,;T.j.me (t) 

t (years): 

TDOSE(t): 

M(t) : 

O.OOO&tOO 

1. 182&tOO 

4.730E-02 

1.000E+00 3.000E+00 

2.710EtOO 5.949E+00 

1,.084E-Ol 2. 3aO&-01 

Maximum TDOSE(t): 1.748E+Ol mrem/yr at t 

1.000E+Ol 3.000~tOl 1.DDDE+D2 

1. 39'1E+01 L 738E+Ol 1. O~O&+Dl 
5.563E-Ol 6.950&-0.1 4.159E-Dl 

25.44 ± 0:05. years 

3'.ODOE+02 

O.OOOEtDD 

o .. O,OOE-I'DO 

1.000&+03 

O.OOOE+OO 

0.0'00&+00 

Total Dose Contributions TDOS&,(i,p, t) '~~r Individual Radio,)liclides (i) and Pathways (p) 

As mrem/yr and Fraction ';f'Total,Dos,e At 1;: ~ ~.544E.tOl years 

Ground 

Radio-

Nuclide mrem/yr fracto 

Nuclide 

Water Independent 'pathways (Irihalati,on excludesriradon) 

Inhalation Radon , Plant, Meat Milk 

mrem/yr fract. mrem/yr fracto mrem/yr fracto mrem/yr fracto mrem/yr fracto 

,Soil 

mrem/yr fract 

Th-232 1.571E+01 0.8989 2.314E-Ol 0.0132 O.OOOE+OO 0.0000 1.307E+00 0.0748 O.OOOE+OO'O.OOOO 0.000&+00 0.0000 2.282&-01 0.013 

Total- 1.571E+OI0.8989 2.314E-OI0.0132 O.OOOEtOO 0.0000 1.307&+000.0748 O.DODE+DO 0..0.0.0.0. 0..000.&+00. 0.0.000 2.262&-0.10.013 

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose At t = 2.5~4EtOl years 

Water 

Radio-

Nuclide mrem/yr fracto 

Nuclide 

l!'ish 

mrem/yr fracto 

Water Dependent Pathweys 

Radon Plant Meat Mill< 

mrem/yr, fracto mre'Pi/yr fracto mrem/yr fract., mrem/yr fracto 

( 

All eathways' 

mrem/yr 'fract 

Th-232 0.000&+00 0.0000 0.0.00&+00 0'.0000 O.OOOE+OO 0.0000 0.000&+00 0.0000, O.OOOE+OO 0.0000 O.OOO&tOO 0.0000 1.748E+011.000 

=--~~== 

Total O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.ODOE+OO 0.000.0 0.000&+00 0.0000 O.OOOEtOO 0.0000 0.0001;:+00 0.0000 1.748E+011.000 

'Sum of all water' independent ~d dependent pathways. 
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RESRAD,.Ve~sion 6.3 T~ Limit'= IBO days 

Swnma~y : Indian Head DCGL 3 pCi/q'" 
11/16/2001 09:.?~ "page 9 

'File: Indian Head 3 pC.i, .RAl) 

Total Dpse Contributions TDOSE(i,p,t) .. fo~ IndiY.!.dw;.l ~adion\lolides (i) and pathways (p) 

"As ni.'retnlir a,\d Ftaotiori':;f .1'0t;tl~OS~ At t = O.OOOE+OO years 

Wate~ Independ;nt .. Pathways (Inbslation excludes radon) 

Ground Inhalation Radon Plant Meat Milk 

Radio-

Nuolide .mrem/yr mrem/yr; f~act. f~act. mrem/~~,,; .. ,f.;r:ac.~,. fracto mrem/yr 

-.--, -. - •. ",,>~.-~~- -. -'--,-'" ~, ---""'-'" '-' '--'-' '-" ... ':~---

'mrem/y~ . rract. 

Soil 

mrem/yr fract 

Th~232· S.17SE-Ol 0.4B84 2.402E-010.20·3·2 O.OOOE+OO 0.0000 1.~12E.,0.1 0.16l7.. O.OOOJi:+OP 0.0000" O'.OOOE+'OO 0.0000 1.735E-Ol 0.146 

==-========-==-
TotaL,··S .175E~OlO. 4B.B4 2 ;'402Ji:-OIO .2032 0: OOOE+OO O. OO~O 1. g12Ji:-l\1, 0.1617 ,O.OOOE+OO 0.0000. a .OOOE+OO' 0.0000 1.7·35E-Ol 0.146 

,::r ,,<".' 

Water 

aad.j.o-

Total DQse Contributions TDOSE(ir!?~t)for Illd:i.'fidual Ra,.d:i,onJl<;:l:i,des (i) and Pathways (p) 

A"s mri>m/yr and ri:ac~i':'n .ofTotal\lose At t = O. OOOE+OO years 

.Water Dependent Pathways 

Fish Radon 'Plant Meat . Milk 

Nuclide .. mrem/yr . fract:o mrem/yr ·fract.· mrem/y~ fracto . m~em/yr fract •. · mrem/yr ,·fract. , ' 
mrem/yr fracto 

All Pathway,,· 

mrem/y~ fract 

Th-2-32 O',OOOE+OO 0.0000 "'O',OOOE+OO 0,0000 O. OOOE+OO 0.0000 O. OOOE+QR .. p .,0000, .• :q .OOOEtOO 0.,0000 0·. Q.OOE+OO 0.0000 1.1B2E+00 1. 000 

===;o=i:_=_"'-'~ : ........... ===...k"' .. ' .~ ...... =-_ 
Total.· ,0. OOOE+OO' 0.0000 O,OOOE+OO (); 0000 O. OOOE+OO O. 0000 .?:"OOOE~900. 00p90,' OOOE+QO' 0.0000 >',O .• OOOE+OO 0 ;.0000 1.182E+OO 1. 000 

*Sum of all w~ter independerit and dependent pathways. 



RESRAD, Version 6.3 11/1,6/2007 0)1:24 Page ,lj) 

,Fil;', Indian Head 3 pCLRAD swmnary 

Radio~· 

I'luclide', 

-.-,--' 
Th~232 ' 

" T.otal 

,Radio~ 

Indian Head DCGL 3 pCi/g 

Tol::ill Dose co,jt',;ibution~ TDOSE(i,p,t) fo~ Individual Radionuclides (i) and Pathways (p) 

As mrem/yr and Fraction of Total Dose. At t = 1.000E+00 years 

Water i:nd~~~ndent' pa'fhways (Inhalation excludes radon) 

Ground Inhalation Radon Plant Milk· 

'mrem/yr ·fract.' "':'itirem/yr fract •. mrem/yr fracto .mremJ'yr'f,ract.. ,mrem/yr " fract., mrem/yr' fract, 

--- -~-'-'-'~"'-'--
( " 

C\ 
. - .' . 

. " 

Soil 

mrem/yr fract, 

L901E+00 0.1015 2.403~:,:oi O.OBB"I O.OOOE+OO 0.0000 3.B57E~01.0.1.4;23 O.OOOE+OO 0.0000 O,'OOOE+OO 0.0000 1.B31E-01 0.067 

~ 

2.403E':'ill 
j/f' 

1. 901E+OO' O. "1015 0.09B7 ' O.OOOE+OO 0.0000 3. 857E-Ol 0.1423 O.OOOE+OO 0.0000 O.OOOE+OO 0,0000 1.831&-01.0.067 

, '.' 

Total Do's;; Contribhi:lons' TDOSJ!:(i,p,t) for Individual Radionuclides (i) and Pathway. (p) 

Asintem/yr and Ftaction of' Total Dose At t ~ 1. OOOE+OO years' 

Water .Dependent Pathways 

Water Fish Radon Plant Meat M~ll( All pathwal's* 

. Nuclide mrem/yr fracto 'iuram/yr' fract: "mxem/yr fracto mrem/yr fracto mrem/yr fract. . mrem/yr fract. mrem/yr fract 

, . ~~~~ --. -, -, ".--"-...,...,.--"''--

Th-23;2 0 ;000&+000 .0000 O'.OOOE+Oil O. oooti O.OOOE+OO 0.0000 0,000&+00 O. OOOOQ"O,OOE+OO 0.0000 .. O,,·OOOE+OOO. 0000 2. 7l0E+00 1.000 

Total O.OOOE+OO"O.OOOO' O.OriOE+ilO o.hooo O:OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.71DE+00 1.000' 

*Sum of all water independent and dependent. pathways. 

( 
~" 

o 
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RESRAD, Ve4sion 6.3 T~ Limit = 180 days 

SUII1I1ia4Y : Indian Read DCGL 3 pCilg 

, lllj.?/2007 09: 24 p~ge 11 

Fi+e; Indian Head 3 pCi.RAD 

Total Dose Contributions TDDSE (i, p, t), ,for Indi,vidual R~dionuclides (i) and Pathways (p) 

As ~rein/y~ ,:,nd" F"a.ctipn~f· Total Dose At t = 3. OOOE+OO years 

Water Independent Path,:,a~s ~I,,!,a:lation .excludes radon) 

Ground Inhalation Radon Plant Meat ;' ,Milk 

Radio-

Nuclide mrem/yr' f4act. mrem/Y4 

-'-------' 
fracto mremlyr fract, 

),' . ~em/~;r" fract, m~em/y,!, fract. mrem/yr fr,act. 

_. .' -." 

Th"::i3'2 '4. 814E+OO 0.8093' 2. 42BE,-01 0.0.408 O.OOOE+OO .0.0000 6,. 914E~01,. a .1l~2 ,9tOPOEtPP. o. 0000 O.OQOE+OO 9.0000 

Soil 

mrem./Y4 fract 

2.006E-Ol 0.033 

Total 4.B14E+00:0.1i093 2·.428E-oi 'O.040B O.OOOE+OO 0,.0000, 6.914E~01 0.,11~2 Q.OOOE+QO O.OOOO."O.OOOE+Q~ 0.0000 2.006E-hl 0.033 

Total Dose Cont4ibutions TDDSE (i,p, t) for Individua,l Radionuclides (i) and Pathways (p) 
. "-'. - - .-

'As mre~iY4 and Fraction~f Total Dose At t = 3.000E+OO year. 
v 

Water Dependent Pathways 

Wate4 Fish, Radon Plant ;, .Meat Milk. ,All Pathways" 

Ractlo-

Nuclide m4em/Y4 tract. l1II:ern/yr. f4aot., mrem/yr f4act •. :mrern/yr f,raot. mrem/y': fJ;act 

Th.,.232,' 1i.000E+00 0.0000 

,~----.=;.. 
O.OOOE+OO 0.0000 O.OOOE+QO O.OOOO."O,OOOE+OO 0.0000 O.,opOE+,OO O.OO,O!! ;p.,OOOE+OO, 0,0000 5.949E+OO 1.000 

===== ===::;, ="""=== 

Total O.OOOE+OO"O.OOOO O.OO,OEcl-OO 0:0000 O.OOOE+OO iLOOOO O.OpOE+OO 0,0000 O~,oOOE+OO, ,0 •. 0000 O.OOOE+OO 0.0000 5.9.49E+OO-l.OOO 

.. Sum of all wate4 il')dependent and dependent pa'thways. 



RESRAD, Version 6.3 
l' 

09:24 Page 12 ~ Limit = 180 days 11/16/2007 

Summary Indian Head DCGL 3 pCi/g ~:i.le: Indian Head 3 ,pCi:RAD 

Ground 

Radio-

To'taibose' c'b!itributio~~TDOSE(i,p,t) fo~Indbridual Radi;'nuclides (i) and pathways (p) 

As mrem/yi: and"Fractionof Total Dose At t = 1.000E+Ol years 

" Water Indepe"d~';'~Pathways (I~~lat'ion excludes ~adon) 

Inhalation Radon Plant Meat Mill<. 

Nuclidll, mrem/yr' fract .. ·' m'rem/yr 'ftact'.' n;kem/yr, frect,. 

Soil 

mrem!yr fract 

Th-23,2 1: 222E~til 0 ;87842~ 491E-Ol 0': 0179 O.OOOE+OO O. ridoo i.208~~OOO. 0868 O.OOOE+OO O. 000(j 0, O(jOE+OO ,0.0000 2. 337E-oi 0.016 

" 'O.OOOE+OO 0.0000 1.20aE+00 0.Oa'68. O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 2.337E-'010.016 

.• i, Water 

Radio-

'Total Dose cont:ribuHons TobSE(i~p;t)for Individual Radionuclides (i) and Pathways (p) 

As ~em/~;' and Fract:ton 'Of Total'Dose At t = 1.000E+Ol years 

Water Dependent Pathways 

Plant Meat Fish Radon Milk ". ( 

. ,Nuclide in:rem/yi"£iact; <' mrem/yr traCt. mrem/yr fracto ...rem!yr fracto in:r:em/yr fracto mreml":[r fracto 

All Pathways· 

mrem/yr fract 

Th~2~2·1i;·boOE+ooo.00o'6 O.OOOE+O'O 'O;OOO() O.OOOE+Oa 0.0000 O.OOOE+OO 0'.000'0 O.OOOE+OO 0.0000 O •. OOOE+OO 0.0000 1.391E+Ol 1.000 

1.391E+Ol 1.000 Total 

~ = -======:=III , __ ' ;=;;==;';==; .. 

O.OOOE+OO O. ooti~' O. OOOE~OOO. 0000 <>. OOOE+OO 0.0060 ' : O. OOOE+OO 0.00000: 060E+OO '0.0000 O. OOOE+OO 0.0000 

*Sum of all water independent and dependent pathways. 

c 
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RESRAD, Version 6.3 T'> Limit = 180 day':' 

Summary : Indian Head DCGL 3 PCi/f 

11/16/2007 ,09 :24 ,PaqB 13 

File: Indian,Head 3 pCi.RAD' 

Total Dose Contribution~ TDOSE(i,p,t) for, I~dividua1 Radionuc1ides (i) and Pathways (p) 

As ';'iem/yr~nd ~a."tion\~f~O~~l Dose At t ,,: 3.000E+Ol years 

W~ter Independent P;!,~hw~ys, (Inhalation excludes radon) 

Ground Inhalation Plant, Meat Milk 

Radio-

Nuclide mrem/yr fracto mrern/yr fracto mrem/yr " mrem/Y'f,fracj;. mremlyr' fract'.' fracto 
, ',', 

, __ '_'; ~_.:..c;.cc.:. __ '_ 

Th-232 1. 566E+01 0,9013 ,i.234E-!l1 0.012~ O.OOOE+OO 0.0000 .,1.271E+OO 0.07310.0001<;+00 0.0000'" '0 ;oooMoo 0.000'0 

Soil 

rnrem/yr fract 

2.209E-Ol 0.012 

. Total '1.566E-t01 0.9013 2:234E-OIO.0129 O.OOOE;+OO 0.0000:; l.i/71l*,O,O 0.0731 O.OOOE+OO 0.0000' O.000E4do '0'.0000 2.209E-OIO.012 

Total Dose Contributions TDOSE(i,p,1;) for J;ndividu,al Radionuclides (i) and Pathways (p) 

cF'_ As~',m_~'em/Yf ~nd ~~C:tipn q~ Tot,,_L.po~e· At t ='3.000E+Ol years 

,;~"ter Dependent, Pathways 

Fish Radon Plant Meat' Milk All Pat;hways· 

, Radio-

Nuclide mrem/yr fra:ct. rnremiyr fracto mrem/yr f",act. ,mrem/yr i, f>:act. ,mrem/yr fract'.' mrern/h' ftact. mrem/yr fract 

Th-232 O.OQOE+OO 0.0000 0 ;OOOE+OO 0,0000 O. OOOEi;OO.o. 0000. O.OOOE+,OO O. 0000 ,0; OOOE+OO 0',0000 0';-0001<;+00' 0.0000 1. 738E+0l 1. 000 
~ "i'~ 

Total , ° .OOOE+OO '0'.0000 O.Oil'oE+OO O.00'OOO.OOOEt09 O.OOQO O.OOOEtPOO.OOOO; ·O.OOOEof'OO O.OOOOIi.OOOE+OO 0.0000 1.738E+Ol 1. 000 

*Sum of all water independent and dependent pathways. 



RESRAD, Version 6.3 T~ Liini t '" 180 ~days 1.1'-

Summary : Indian Head DCGL 3pCilg 

11/16/200709 :24' 'pa~~: 14 

Fi:l~: Indian Head 3 pe;LRAD . 

Ground 

Rad,i,!,C: 

Total 'Dose Contributions TDOSE(i;p~t) for'Individual Radionuclides (i) and Pathways (p) 

As m~..m/yr' and Fraction of' T01:al Dose' At t = 1. 000E+02 years 

" Water' IndePendent P~i:hw .. ys· (Inhalation excludes radon) 

Inhalat:ion Rad;'':' Plant Milk 

tfucl~de ,mrem/y;.;: "frllet .• mrem/yr ' fract: 'mrem/yf ;' ''trai:!t. mrem/yr fracto 
I 

mrem/Yr fracto ,mrem/yr fracto 

--,~,.....,.,-:- -, -.-,-. .--,---;',-. --

Soil 

mrem/yr fract 

:, Th,.232. ~, •. 684~tOO 0 .. 9313 9.,253£~02 0.0089 0.000£",60 0.0000 5.301E-01 0.OS10 ,.0.qOOgtOO. 0.0000 O.OOOE+OO 0.0000 9.170E-02 0.009 

==-==~ ,~, 

To!::,!l, ,,9.684E;+QIl 0.9313. 9.253£-02. 0.008'90; oool;:+OO 0.0000 5.301E-01 O. OSlO' O. OOOE+OO 0.0000 O. OOOE+OO O. 0000 9.170E-02 0.008 

Total Dose C6ntributions 'TDOSE(i;p, hi for i:ndivi~ual Radionuclides (i) and Pathways (p) 

A:i> llireriilyr and Fraction; of Total Dose At t = 1. 000E+02 years 

.. 'Water Dependent Pathw,!ys 

Water Fish Radon Plant Meat Milk 

Radio-

lIuc1ide. D\;em/yr fract.' mrem/yrfiact. mrem/yr fract, mremlyr fracto mrem/yr fracto mrem/yr fracto 

, ' "'~--""'-~- ----
mrem/yr fract 

"Th-232;. O,POOE+OO 0·;0000 O.OOOE+OO·O,OOOO O:OOOE+OO 0,,0000 ' iI.oOOEtOO 0.6000 0,.Q90Et,Q.P 0,.0000 .O.OOOE+OO 0.0000 1.040£+01 1.000 

========= ====== ======~=~ 

Total· 0.000£+00 0.'0000.' O;OOOE+OO 0:0000 0;0110E+00 O.I)()OO O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 1.040E+oi 1.000 

." 
*Sum of all water independent and dependent pathways. 
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RESRAn, Version 6.3 T+> Limit ~ 180 days 

Swmnary Indian Head DCGL 3 pCi/g 

11/16/2007 09:24 Pag", 15 

File: Indian Head 3 pCi.~D 

Total Dose Contributions TDOSE(i,p,t) .for Individu~l Rad,i0nuc1ides (i) and Pathways (p) 

As ItIrem/yr and Fraction of Total Dose At t ~ 3.000E+02 years 

Water Independent Pathways (Inhalation excludes radon) 
·',n. .,' 

Ground Inhalation Radon Plant Meat I Mi,lk 

Radio~ 

" Nuc,l,ide mi:em/yr fract. inrem/yi: fracto mrem/yr fract., ,mi:em/yr. fracto .m:t:em/yr.i fracto 
C,' ,''I 

mrem/yr fracto 

-.. -" -,.-. :-=-:-~, ,-,,-.. -.-., . 

Soil 

mrem/Yr fr'lct 

'Th-232 O.OOOE+OO O.OOQO O.OOOE+OO 0.0000 O;liOOE+OO 0.0000 O.OOOE+aO O.OQOO O,OQOE+OO 0,0000 O.DOOE+OO 0.0000 O.OOOE+OO 0.000 

~~='== 

T9tal . O .•. OOOE+OO 0, 0000 '0. OOOE+OO 0; 0000 O.OOOE+OOO.OQOO O.OOOE+OO 0.0000 ,', n: '1':" 
() .00pE+OO 0 .0000 ,,0,. QOOE+OO' 0.0000 O.OOOE+OO 0.000 

. ,- ~ 

Total Dose Contributions TDOSE(i,p,t) for Indi~idual,Rap~<;>nuc:l).des (i) and Pathways (p) 

As mrem/Yr and 'Frabtionof Total Dose At t ~ 3.000E+02 years 

Water Dependent Pathways 

water Fish Radon Plant Meat Milk .All Pathways' 

Radi~~ 

Nuclide mrem/yr fracto mrem/yr fracto . mrem/yr fl::act. lll!'em/yr fracto . ,.~J::'!1"/yr fracto ,mrelll/Yrc. ·frac,·. mrem/yr fract 

---
Th-232 O.OOOE+OO 0.0000 O.OOOE+OO 0.0000 O;OOOE+OO 0.0000 O.OOOE+OO Q. O,OOQ, Q"HOOE+OO O. ooq9, ,0 , o OP.lHO 0 0 •. 0000 O. OOOE+OO O. 000 
~ 

.Total: O.OOOE+OO 0.0000 O.OOOE+OO 0.000'0 O.OOOE+OO o.oooci o .OOOE+OO O.()oqo, O. OOOE+OO q,. QPOO O .• OOOE+OO; 0,.0000 O. OOOE+OO 0.000 

'sum of all water independent and dependent pathways. 



Kt;I;;RAD, Ve;::sion 6.3 T~ Limit = lao days 

Summary : Indian Head DCGL 3 pCi/g 

11/16/2007 09:24 Page 16 
File: Indian Head 3 pei.RAD 

'Total Dose Contributions TriOSE (i, p,t) 'tor,Iru:iividual Radionuclides ,(i) and Pathways (p) 

, As mrem/yr and Fraction of Total Dose 'At t = 1. 000E+03 years 

water Independent pathways (Inhalation excludes radon) 

Ground Inhaliltiori': Radon Plant ,Meat Milk 

Radia-

,Nuclide mrem/yi' fracto mrem/yr' :cracL m~em/yr fracto ,mremfyr fracto mxem/yr fracto mrem/yi: 'fracto 

-,--
,-,,' Th-232 O.,OOOE+OO 0.0000 O;OCiOE+OOO ~ ooooH. OOOEtOO O. 0000 Q,.OOOEtOo 0.0000 O.OOOEtOO 0.0000 O.OOOEtOO 0.0000 

=-=========--== ~ ~ 

Total' 'Ci~OOOE+OO '0..000'0 O.OOOE+'OO 0.0000 O.OOOEtOO 0.0000., O.OOOE+OO 0.0000 O.OOOEtOO 0.0000 O.OOOEtOO 0.0000 

Total, Dose ContributionI' TDOS~(i',:r' t) f~r, Individual Radionuclides (i) and Pathways (p) 

As mrem/y~' and Fraction of Total Dose At t = 1.000Et03' years 

Water Dependent Pathways 

Water Fish Radon Plant Meat 'Milk' 

Radio~ 

Nuc1ide ''In;:eln/yr ' fract. mrem/yr fracto mrem/Yr fracto mrem/yr fract. mrem/yr 'fracto 

----'-- ,--.-" -'-----, -

Soil 

mrem/yr fract 

O.OOOEtOO 0.000 

O.OOpEtOO 0.000 

All pathways* 

mrem/yr fract 

Th":232 "O.'OOOl;:tOO D.OOOO O.OOOEtOO cLoooa O.OOOEtOO 0.0000 O.OOOEtOO 0.0000 O.OOOEtOO 0.0000 O.OOOEtOO 0'.0000' O.OOOEtOO 0.000 

-======o" ..... _==" ======.; 

Total' "O;OOOEtOO' 0.0000 'o':OOOEtOO; 0.0000 O.OOOEtOO 0.0000 O.OOOEtOO 0.0000 O.OOOEtOO 0.0000 O.OOOEtOO 0.0000 O.OOOEtOO 0.000 

*Sum of all water independent and1dependent pathways. 



RESRAD, Version 6.3 T~ Limit = 180 days 

S\!lDDlilry : Indian Head DCGL 3 pCi/g 

,~lt16/f007 09:?4 p~ge 17 

Jil~: ,~ndian Head 3 pCi. RAD 

Dose!Sourc;:e Ratios StlJ!Ill1ed Over All,PathWIlYs 

Parent and~roge~y ~rinciRalR~4~on~c;:lide Cop,trib",tions Indicated 
. '.~.' - '<,;' . ;,', ~ -: "::,' " " 

... If;\' 

Parent iroduct Thread 

F.raction 

DS~(j,t) At Time in'lears (mrem/yr)/(pCi'/!/)' '" 

(i) (j) o. ocio'E+oo ~~,DQ;9~t,00 ~.,~OqE+OO ~.O,Q~~+O;L 3. OOOEtOl' 1. OOOE+'02 3.000E+02 1.000i+03 

Th-232 

Th-2::f2 

Th-2~2 

Th-232 

Th-232 

Ra-'22if+o 

Th-228+D 

",'rOSR (j r'" 

1. OOOE+OO 1. 662E::-01 1.650E~01 L62ijE~,01 1. !:j50E-:01 1.327E-01 5. 496E",02 O.OOOE+OO o. OOOE+()O 

'1.\060EfOO i.98SFl':'01 5"601i~(Jl 1.131E+00 2.138E+00 2.452E+00 1.451E+00 O.OOOE;l-OO 1.586E-31 

1.00,OE+OO 2.953E-02 1. 78~E-~1 6,,!~9:9E-:o.12,3431j:+003.207EtOO 1.9608+00 O.OOOEfOO2.389~':'3~ 
" :f.'9:4~E~'01 9.035E-01 1.9838+00 4.6368+00 5.7928+00 3.4668+00 O. OOOE+OO 1.589E-31, 

,,: , ~; 

The oSR"illbltides' cbntribiil:'ions fxom associated (half-l;i,fe !:ll1Q day,s) daughters. 

Nuclide 

(i) 

Th-232 
, 

= 

t= O.OOOE+OO 

Single Radionuclide Soil Guidelines G(i,t) in pCi/g 

Basic Radiation Dose Limit = 2.500E+01 mrem/yr 

1. OOOE+OO 3.000E+do 1.0008+01 3.000E+01, 1.000E+02 

6.3~3E+01 2.7678+01 

*At spaci'fic 'activity limit 

S6mmedDosa/sour'c',; Ratios DSR (i, t)in (mrem/yr) r(pCi/g) 

and S-ingl,e l1.adionuclide Soil ,Guide~ine!l,G (i,t),in,pCi/g 

ai·';"'tmin':.i=!;.' time of'.Drl.nimum ~ing1e radionu.cl~~~ s~i~.~9ui~e~.;i.~~ 
, and at 'tltiax;;; t-ime or maximum tot~idose ~ ,25.44 ± 0.05 years 

Nuclide Initial tmin 

(years.) 

DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax) 

-(i) (PCi/g) (pCi/g) (pCi/g:!. 

Th-232 3.0008+00 25.44 ± 0.05 5.826E+00 4. 291E+M- 5-.826E+OO '4.2918+00 

( 

3.000E+02 1.000Et03 



RESRAD, Version 6.3 TIf Limit '= 180 'days , ". i1/16/2007' 09:24' 'Page 18 

Fiie:' Indian Head 3 pCi.RAD S~ary ': Indian Head DCGL 3 pCi/g 

Nllclide Parent 

Individual Nuclide DOsS' "SUliimed o~;'i All Pathways 

Parent Nuclide and Brand" Fraction' i~dica~~d ' 

(j)",j !.l;) 

T!l,J;"(;l.)-' I .; DOSE (j,t), rnr~(yr, 

t= 0: 000,00 l';QOOEfOO 3. OOilE-fOO i.6~6'~';:oi LiodE~01 1. 000E+02 3. 000!H02 1. 000E+03 
--- --,-, ~, :..---

4.985E~01 4. 95'iE-01 4 ;S84E::ill 4:6$OE~01 3:982E-01 1 ~ ~4,9E-,91 ,0. o QPE+110 Q,OOOE+OO, 
'., ", j 

l;\: 

1;'680E+00 3.j94E~OO 6.4i~~+06' 
.'"\' ";-' 

5.954E-01, 7.356E+Oq 4. 353E+00 O.OOO~+pO o .OOOE+OO; 
,: ' .. ;~ ,~~' 

=~==-= 

8.859E-02 5.350E~01 2.067E+OO 7.029E+00 9. 622E+00 5. 881E+{)1I ,0.OOOEtO~ a ,PPOE:l:OO 
1 ' _~ '~.;:. : 

THF(i) is the thread fraction of the parent nuclide. 

Nuclide Parent THF(i) 

(j) ·,W" t= 

--- -'<, .. -,-,-

Th.,.232 Th-232 1.000E+00 

Ra~ Th-232 1.000EtOO 

~h-228 Th-232 1.000E+00 

=~==== 

Individ-ual Nuclide Soil Concentration 

Parent Nuclide and Branch Fraction Indicated . "',,', 

O.OOOE+OO 1.000E+od- 3.0'oOE+00' 
I,S(j,. t) \ (~:i/q, 

1.000E+01 3.000E+01 

I 

3.000E+00 3.000E+OO 3.000E+00. 2.999EtOO 2.997E+00 

1.000E+02 3.0QOE+Q2 1.000E+03 

2.989E+00 2',967EtOO 2. 891E+00 

O.OOOEtOO 3.355E-01 8.709E-Ol 1.857E+OO 2.349E+OO 2.368E+00 2.350E+QO 2,.290E+00 

O.OOOE+OO 5.534E-02' 3. 612E':iil 1.527E+OO 2.332E+OO 2 .368E1'00. 2 :,350EtOO ,,2 .290E+OO 

THF(i) is the thread-fraction of the parent,nucl~~. 

'RESCALC~EXE~execution time = '1.10 seconds 

f 

(. , 

( 

o 
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APPENDIX B 

(~ APPLICABLE-OR RELEVANT AND APPROPRIATE REQUIREMENTS 

o 



o 

Navy'sRASO 
Residential . 
f{~dioactivity 

. (HESRAD) 
cemputer 
Sqftware 

NRC 

Radiation 

.( 

Radiation 10 CFR Part 
20.1801 

r~, 

TABLE B-1 

I 
CHEMICAL-SPEFCIFIC ARARs AND TBCs 

SITE 1 - THORIUM SPILL EE/CA 
NSF-IH, INDIAN HEAD, MARYLAND 

PAGE 1 OF 2 

bdGLs are derived using RESRtD 
modeling. 

(~ 
',~/ 

The DCGL of 3 pCilg, which 
corresponds to a carcinogenic risk of 
approximately 10-5, was derived using 
RESRAD (Tetra Tech, 2009). 

NRC guidarce to implement as low I Applicable Applicable during soil excavation 
activitie~, .as reasonably adhievable . _ . 

constraints on air emissions of 
·'Padidactivsmaterial tdthe 
envim'nment· 

Radiologicarcriteria for .unrestricted, 
use at closing NR~ licensed 
facilities: 

~;~~~~~~~~d . r ~n~~:t~~~e~e u~~~irhe:~::~a~:itable for 
-radioactivity that-is-distinguishablefrom -
background radiation results in Total 

Relevant and 
Appropriate 

Effective Dose Exposure (TEDE) to an 
the c:riticaJ group 

iOte?<ceM'.25 rrkem/year, ' 
ogfOJJHdw~t~rS9JJrpeS ' 

of dri.f1~il1g-vyater,.anclJll1atJhe residual 
radioactiv.ity has been reduced to,as low 
as reasonablv achievable 
During removal action, recovered 
materials will be appropriately controlled. 



Act/Authority 

_ ons for 
the Control of 
,Ionizing Radiation 

Criteria/lssues 

Radiation 

Notes,. Acronyms. and Abbreviations, 

Citation 

10 CFR Part 
20.1802 

AR.A:Rs' .A:pplfcaolEfofReleVahf ani:f.A:ppropriate Requirements, 
CFR., . ' Code of Federal Regulations, 
COMAR' . Code of Maryland Regulations. 
IIrw:< Low-level radioactive waste 
NRC Nuclear Regulatory Commission 
pCilg picoCuries. per gram 
TBC' To be considered. 

C) 

TABLE a~1 

cHE~'i:'~~~~~c:Il:I<:;,A~~,~! ~f.JlfTBCs ' 
511:1: 1 -: THPRllJrvl,"SRIIfL§EICA 

NSF-IH, INDIAN"HEAD"MARYLAND 
, "", pAGE 2:01=~ 

Brief DescriptiQn 

Licensee shall corltrol and maintain 
,constant surveillance of licensed 
material in a-controlled or 
unrestricted area and not in 

" 

,,,-

(~ 

Status 

Relevant and 
Appropriate 

Cpnsider;aticm.:in .the EEic:A'" 

:Ouring r¢moval·pctipn;/E~·cbvered.", , 
n;rat,eria.,ls w~1I b~..:apprppriatelyCQntrolled. 

. ;:.~ 

"Relevantpdriionir.'6fCOMAR " 
26.12.01.01 "Supplements" are 
applicable during Hrw soil excavation 
and transport. 

(~ 



n 
'-~/ 

(':, 

TA~LE S-2 

LOCATION-SPECIFIC ARARs 
SITE 1 ..;. THORIUM SPILL EE/CA 

NSF-IH, INDIAN HEAB, MARYLAND 
PAGE 1 OF 1 

Act/Authority I~' Criteria/Issues Citation ~rief Description 

No location":specific ARARs, are applicable or relevant and approptiate to the remQval action at Site 1. 
endangered species, or wetlands at Site 1. 

Notes, Acronyms. and Abbreviations _ 
ARARs Applicable or Relevant and Appropriate ReqOirements. 

Status 

n 
I 

'~ 

Consideration in the EE/CA 

There are no arcbeological and historical areas, 



r; 
~--..:--) 

Regulations for 
the Control of 
Ionizing Radiation 

Storm;lNater: 
Man'agement 

~esienand ',~ 

Sediment Control 
':,:' ~ , 

Ambient Air
Quality Control 
(Environment 
Article, Title 2) 

Design and" 
Construction ' 

dDisturbance . I CGMAR26;o.9.'01 

~\ 

TABLE B-3 

ACTION-SPECIFIC ARARs AND TBCs 
SITE 1 - THORIU.M SPILL EE/CA 

NSF-IH, INDIAN HEAD, MARYLAND 
PAGE10F2' ' 

qOT criteria for packaging and 
transportation of licensed material 

Go.verns worker health and safety during I Applicable 
implementation of rerpedial actions, 

Re:quires .. mepsures'tbco~tr:OI '< <' ,I Applicable 
.s~qlJTlY"aterranoff during removal' 
alt.ernati~es or d~vElloprnE;lpt of land . . ,' ". "-" , -, "." , . 

"'plicabte 

Ambient Air 
Quality Standards 

COMAR 26.11.0.4 'I Establrshes·ambiEmt standaras~'fer Potentially 
Applicable 

I" . ._, .... "_ -, 'c'. ". -,~ 1 'r~' :'~ " 

particulate·matter, sulfur o~des, carbon 
". 'monOx,ic1e;'o:zone, rtitr'ogerraxides;'lead, 

and fluoride. 
"'";""", 

o 

Applicable for transportation of 
demolition· debris to NRC-regulated 
facility. 

Applicable to any investigative or 
remedial action at the site. 

PartiCUlate matter will be minimized 
during the removal action using 
standard construction practices. 



Act/Authority , 
.~- ""'. r ... · ~.~" ..... ' .'... . 

G~n:eFal Emission 
Standards, ' 
'Prohibitions, and 
;Restrictions 

Noise,Star;i'dards 

,,, ~ 

" " 

'-

-',0.-

Criteria/Issues 

:Emissions;' 

~!:~.~.:.! 

,NpiseGeneration 

'; . 

NotesfAcfoonyms;:;andJAbbreviations 

Citation 

G.OMAR2p. 11 ~,Op 

CO MAR 
2K02:03:02 

TABLE 8-3 
I 

, ,', «« I, _ ' "'~' «" ' , ' 

ACTION'-SPECIFICARARs'AND-'T8Cs 
SITEf2;fH0'f{itJM SPILLEEICA 

NSF4H:' iN'DIAt-fHEAD- ivlARYLAND 
. ' .. -,' --~, •. " ' .• " - _l. "." .•• ~ --I'- ,_" ,__ > 

PAGE20F2 

BdeiDescriQtion ' 

;E~tablishesemtssi0n standards for 
vi~ible emissionS;PCfrticulate matter, - , 
carbon monoxide, sulfur compounds, 
VOGs, an,dfluoride, and control of NSPS 

.-'" :'. ~ :: . ! "..', ". :'. . '. '. - .. ,,' '" '4.... ' .. , i 

sgu~ces,. " ' ,i '" 

Urnilsset:onthelevels of noise must be 
met; thesellmitsare prot~ctive of the-
hea:t!h,yvelfare; and property of the 
people1n !'v1a~land·Th.e rnaxirlJum 
permittedleyelsfQr,~c;onstf;Uc;tiOr1 "" " 
.activities may not excesci'g'Q dBA.during 
the day and 75 dBA during the night. 

-' .... 

Prel.(i9us,itly.e.stigations determined site soils are non-haiZardous,bu~·are-handled as IIFW.", 
ABARs ,.',. " '. Applical:1le.orHeleYant and Appropiiate ReqtiirefueotS. •. . 
CFR Code of Federal Regulations. 
CQM~R .' Code~of Maryland Regulations. 
IIrw '. . '. -' L()w:l~vel radiQactive waste 
NRC .. ,..... Nuclear RegulatorY Commission'" 

.' .. ~ _. ~ .. ' .. ,...... ,- ... , -', .-" " .... "~'-." .. 

n 
~/ 

("'\ 

!~ ", ': t,:! 

,,"',r'-

Status 

Ppte'1ltially 
"Applicable' 

AJDplicable 

'. 

, '-~ 

" ,-: 

-,~ 

<Considerationiil the EE/CA 
," f ~t ' 

,PadieuJate,rnatter:.wHl be'fflinirnized 
durir;tg the removal-action using
standardc'onstruction practices. 

.' _,,..,', ~',,,. ' .. ~.:,;i~' " ,. . i •. ", 

. ;:~. ; ;" - ";,:''::1 

.... -:.' ~ 

Maximum aUow;able:noiseJe¥els will. 
not be exceeded during the removal-5 
aCtion." . '. 

'-

n . I 

I! 
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APPENDIXC 

( COST ESTIMATES 



o 

Item 

1 PROJECT PLANNING 
1.1 Prepare Constructions/Specifications 

2 MOBILIZATION/DEMOBILIZATION AND FIELD SUPPORT 
2.1 Office Trailer 
2.2 Storage Trailer (1) 
2.3 Vehicles 
2.4 Equipment MobilizationlD.emobilization 

3. DECONTAMINATION 
3.1 Temporary Equipment Decon Pad 
3.2 Radiation Decontamination Services 
3.3 Pre/Post Decontamination Survey 

4 BUILDING DEMOLITION 
4.1 Miscellaneous EquipmentITools 
4.2 Excavator, Crawler Mounted, 11/2 cy 
4.3 Front End Loader, 80 HP 
4.4 [reserved] 
4.5 Radiation/safety Monitoring Instruments & Supplies .' 

5 DISPOSAL & TRANSPORTATION 
5.1 Waste Acceptance Criteria Certification Testing 
5.2 [reserved] 
5.3 Transportation (per container) 
5.4 Roll Off Rental 
5.5 Container Liner 
5.6 Waste Burial 

6.0 LABOR 
6.1 Project Manager/CHP 
6.2 Radiation Technicians.(2) 
6.3 Laborers (3) 
6.4 Eqilipment'Gperators (2) 

7 MISCELLANEOUS ... ;', : ...•.. , •.. 

7.1 Post Construction Documents 
':A' 

Subtotal 

Total Direct Cost 

"'f"', 

·.o~erh~~donEI~orcost @i£o% 
G & Aon Labor Cost@ 10% 

G&-;~'o'ijMateri~(Cos'f@10% . 
G & A on Subcontract Cost @ 10% 

G & A on Equipment Cost @ 10% 

Indirects on Total Direct Cost@ 35% 

~\ 
( 

TABLE C-1 
COST ESTIMATE - AL TER~ATIVE 2 - EXCAVATION AND DISPOSAL 

SITE 1 - THORIUM SPILL EEiCA 
NSF-IH, INDIAN HEAP, I'j'iARYLAND 

. PAGE 1 of2 

nit Cost 
Material Labor Equipment Subcontract 

80 hours 

1 mo 
1 mo 
1 week 
2 ea 

1 Is 
1 mo 
4 ea 

week 
week 
week 

week 

ea 

4 ea 
30 days 
4 ea 

3,225 cu. ft. 

60 hours 
120 hours 
180 hours 
'120 hours 

40 - hr 

$llO~.50 
$105.00 

$2,000:00 
$25,000.00 

$375.00 

$5,000.00 

$7,100.00 
$10.00 

$35.00 

$32.00 

~. J ,"". -, 

$25.00 

$700.00 
$73.50 $175.00 

$3,325.00 $350.00 
$0.00 

$500.00 
$3,000.00 

- $1,600.00 

$35.00 
$20.00 
$15.00 
$25.00 

$25.00 

$2,500.00 

,;'"''." 

(Total Direct Cost·mious·l'ransportation and Disposal Costs) 

$0 

$0 
$0 
$0 
$0 

$0 
$25,000' 

$0 

$0 
$0 
$0 

$0 

$5,000 

$28,400 
$300 

$0 
$103,200 

$0 
$0 
$0 
$0 

$0 

$161,900 

$16,190 

$178,090 

(J 

ost 
Labor 

$0 $2,000 $0 $2,000 

$203 $0 $0 $203 
$105 $0 $0 $105 

$0 $0 $700 $700 
$0 $147 $350 $497 

$2,000 $3,325 $350 $5,.675 
$0 $0 $0 $25,000 

$1,500 $0 $0 $1,500 

$0 $0 $500 $500 
$0 $0 $3,000 $3,000 
$0 $0 $1,600 $1,600 

$0 $0 $2,500 $2,500 

$0 $0 $0 $5,000 

$0 $0 $0 $28,400 
$0 $0 $0 $300 

$140 $0 $0 $140 
$0 $0 $0 $103,200 

$0 $2,100 $2, 100 $4,200 
$0 $2,400 $2,400 $4,800 
$0 $2,700 $2,700 $5,400 
$0 $3,000 ~ $3,000 $6;000 

!~ :~. 

$0 $1,000 $0 $1,000 

$3,948 $16,672 $19,200 $201,720 

_'::_'; ':c, 

$5;002 ::~$5,O02 
;: $1,667 $1,667 

$3gS 
.. .- " ~:'" '." . ····.0-··'-"·$'395 

$16,190 
$1,920 $1,920 

$4,342 $23,341 $21,120 $226,893 

$33,353 



Item 

Subtotal 

Total Field Cost 

; Contingency on Total Field Costs @ 20% 

TOTAL COST 

c! 

TABLE;C"1" · .. i 
COST ESTIMATE - ALTERNATIVE 2 - EXCAVATION AND DISPOSAL 

SITE 1 - THORIUM S:PILL EEICA 
NSF-IH, INDIAN HEAD, MARYLAND .. 

PAGE 2 O~2 

nifCost 
Material L,abor Equipment Subcontract 

(\ 

ost\, '·'f 
L.abore 

$282,935 

$2&2,9:3Q 

$56,587 

$339';522;.: 

I~ 
~ ----~------~--~~--~~~~~~~------------------------__ ------------~------------__ ----__ ------____ ~~~~7<7'------~-----''-~ 


